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MEMORANDUM

TO: File

FROM: Dennis E. Totzke/CH2M HILL/GLO

DATE: May 20, 1985

SUBJECT: ECC Remedial Investigation
Hydrogeologic Investigation
Subtask 3-1

JOB NO: W65230.C3

INTRODUCTION

This document is a Hydrogeologic Study technical memorandum
(TM) for the Environmental Chemical and Conservation Corpora-
tion (ECC) site near Zionsville, Indiana. This work was
performed in partial satisfaction of Contract No. 68-01-6692,
Work Assignment No. 18.5L70.0, Task 3-1 of the Remedial Inves-
tigation authorized by the U.S. EPA. The primary purpose of
the TM is to provide documentation of data obtained during
the drilling and installation of groundwater monitoring wells.

PROBLEM STATEMENT

Environmental Chemical and Conservation Corp. operated as a
solvent processing and reclaiming facility from 1977 until
May 1980. During this period, approximately 350 generators
disposed of such wastes as resins, paint sludges, waste oils
and flammable solvents onsite in 55-gallon drums or by bulk
discharge to onsite storage tanks. Some of the solvent wastes
were processed and recovered. The site was closed down in
early 1982 with an outstanding waste inventory of over 25,000
drums of liquid and solid wastes, and about 300,000 gallons
of bulk storage liquids.

On March 17, 1981, the Indiana State Board of Health (ISBH)
sampled two wells at the ECC site: MW-2A and MW-1B (Figure
1). The analysis of the sample from the shallow well, MW-1B,
indicated the presence of several organic compounds. The
organic contaminants found in the sample were:

methylene chloride 5.7 mg/L
1,1-dichloroethane 950 mg/L
trichlorethylene 10 mg/L
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On November 29, 1982, the ISBH sampled five groundwater mon-
itoring wells in the vicinity of the Northside Sanitary Land-
fill and ECC. Organic compounds, including 1.1-dichloroe-
thane, Trans-1,2-dichlorethylene and methyl ethyl ketone
were present in four of the five samples.

SCOPE

A hydrogeologic investigation was conducted to define the
soil stratigraphy, characterize aquifers and determine ground-
water flow directions, gradients, and seasonal water level
variations in the vicinity of the ECC site and to define
pathways of subsurface contaminant migration. Prior to col-
lecting any additional data, existing information was reviewed,
This included a search of historical aerial photographs,
domestic and industrial well logs, relevant literature, and
previous soil boring and monitoring well information from
the ECC site and the Northside Sanitary Landfill. A subsur-
face exploration program was then performed to further define
conditions at the site. The program included an electrical
resistivity survey, test drilling with soil sampling, rock
coring and installation of monitoring wells.

GEOLOGIC SETTING

Boone County, Indiana, is in a physiographic unit known as
the Tipton Till Plain, a nearly flat to gently rolling glacial
plain, which is the result of continental ice sheets that
covered the county about 20,000 years ago. During the period,
known as the Pleistocene Epoch, large quantities of earth
materials were deposited upon the bedrock surface, with a
maximum thickness approaching 350 feet. The major aquifers
in Boone County are in sand and gravel deposits of glacial
origin. These deposits are also important sources of aggre-
gate materials.

The bedrock formations beneath the glacial drift in Boone
County consist of limestones and dolomites of Silurian and
Devonian age and shales of Devonian and Mississippian age.
The beds generally dip about 10 to 30 feet per mile to the
southwest toward the Illinois Basin. In general, the Silur-
ian and Devonian age formations produce small to moderate
amounts of water, while the Devonian and Mississippian age
shales are not usually good water producers.
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SUBSURFACE EXPLORATION PROGRAM

The initial subsurface exploration program was conducted
between May and September 1983. It involved an electrical
resistivity survey performed by Gilkeson and Heigold of
Champaign, Illinois, and a test drilling and monitoring well
installation program performed by Mateco Drilling Co. of
Grand Rapids, Michigan, and ATEC, Inc., of Indianapolis,
Indiana, and directed by CH2M HILL. An additional subsur-
face exploration program was conducted in October and
November 1984. . This program included installation of four
additional monitoring wells by ATEC, Inc., under the direc-
tion of CH2M HILL.

ELECTRICAL RESISTIVITY SURVEY

An electrical resistivity survey was conducted to investi-
gate the presence and lateral continuity of shallow sand and
gravel deposits and the presence of fine-grained glacial
tills in the vicinity of the ECC site. A secondary objec-
tive was to investigate the presence of a groundwater con-
taminant plume; however, baseline resistivity values were
not available and measured resistivities could not be related
to the presence of contaminants. The resistivity survey was
useful in defining layer characteristics of geologic mater-
ials to depths greater than 100 feet. A report on the earth
resistivity investigation is presented in Appendix A.

TEST DRILLING

A series of monitoring well clusters were installed around
the ECC site. The wells were classified into three groups
based on their relative borehole depths. Shallow boreholes
(wells) were drilled to a maximum depth of about 30 feet.
Intermediate boreholes (wells) were drilled to approximately
100 feet. Deep boreholes (wells) were drilled into the top
of rock, approximately 155 to 165 feet. Borehole locations
are shown in Figure 1. Wells were located outside of the
hazardous waste site, except ECC-8A, and continuous monitor-
ing with an HNU analyzer during drilling detected no readings
above background.

Boreholes were advanced through the soil using ho How-stein-
augers and/or rotary drilling techniques. The drilling fluid
was clear water obtained from the City of Zionsville water
supply and, in some cases, bentonite mud was used to com-
plete deep boreholes. On deep and intermediate boreholes,
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TECHNICAL MEMORANDUM ••MILL

TO: File

DATE: September 7, 1984

SUBJECT: ECC Site Remedial Investigation
Residential Well Sampling
Subtask 2-6

PROJECT: W65230.C3

INTRODUCTION

The final RAMP for the Environmental Chemical and Conservation
Corporation (ECC) site in Zionsville, Indiana, recommended a
residential well sampling and analysis program for residences
in the immediate vicinity of the site. This program was to
have been implemented as an initial remedial measure (IRM).
It was later determined by U.S. EPA headquarters that resi-
dential well sampling could not be done as an IRM. At the
request of the U.S. EPA's onscene coordinator (OSC) , the
residential well sampling program was incorporated into the
Remedial Investigation (RI) as Subtask 2-6 of the Site Defini-
tion Activities phase.

The residential well sampling effort was performed on May 10,
1983. Sampling was performed by personnel from CH2M HILL.
This work was performed in partial satisfaction of Contract
No. 68-01-6692, Work Assignment No. 18.5L30.0.

PURPOSE

The purpose of the sampling effort was to determine if off-
site migration of contaminants is affecting water quality in
local water supply wells. Contamination of these wells would
present a potential hazard to human health by direct contact
and ingestion of contaminated groundwater.

SCOPE

The final scope of the residential well sampling effort at
the ECC site included the following samples:

o Five residential well samples
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o One residential well duplicate sample
o One field blank

RESIDENTIAL WELL SELECTION

The general well selection strategy was to select residential
wells that would adequately characterize water quality in
the shallow drinking water aquifer in the immediate vicinity
of the site. Available hydrogeologic information, well con-
struction details and well logs were reviewed prior to selec-
tion of the residential wells sampled during this effort.
Final selection of wells to be sampled was made by CH2M HILL
and reviewed by the U.S. EPA.

Figure 1 illustrates the sampling locations while Table I
describes the sampling locations.

SAMPLING EFFORT

All wells were pumped for 20 to 30 minutes prior to sampling.
Samples were collected at the faucet closest to the wellhead
and upstream of any water conditioning devices (e.g., water
softener, iron filter, etc.). Samples were collected by
filling the sample bottles directly from the faucet.

Location RW005 was sampled in duplicate. Sample ECC-RWOO1-001
was a field blank. Distilled water for the field blank was
obtained from the Indiana State Board of Health in Indianapolis.

Sample fractions for metals were preserved with nitric acid
and fractions for cyanide were preserved with sodium hydroxide.
Samples were packed according to U.S. EPA Contract Laboratory
Program (CLP) protocol. Samples were shipped via Federal
Express to the contract laboratories on the day of sampling.
Samples for organic analysis were shipped to California Analy-
tical Laboratories. Samples for Tasks 1 and 2 inorganics
and Task 3 cyanide analyses were shipped to the University
of Washington.

The assigned case number was 1691. A summary of sample tracking
documentation appears in Table 2.

PERSONNEL

The sampling crew consisted of personnel from CH2M HILL.
The sampling team leader was Gerald Bills. He was assisted
by Tom Gilgenbach, Dennis Totzke, and Phil Smith.



LEGEND

t»»i NORTHSIDE LANDFILL

S SITE

2000

SCALE IN FEET

FIGURE 1
RESIDENTIAL WELL
SAMPLING LOCATIONS
ECCSITE



Table 1
RESIDENTIAL WELL SAMPLING LOCATIONS

RESIDENTIAL WELL SAMPLING
ECC SITE (SUBTASK 2-6)

Sample Number

ECC-RW001-001

ECC-RW003-001

ECC-RW004-001

ECC-RW005-001

ECC-RW005-002

ECC-RW006-003

ECC-RW007-004

Sample Location

Blank

John Bankert, Sr.
985 South S.R. 421
Zionsville, IN

David Roush
795 South S.R. 421
Zionsville, IN

Ira Jennings
R.R. #1
Zionsville/ IN

Ira Jennings
R.R. #1
Zionsville, IN

George Holley
1120 South S.R. 421
Zionsville, IN

Robert Vandergriff
1115 South S.R. 421
Zionsville, IN

GLT412/28



Table 2
SAMPLE IDENTIFICATION MATRIX

RESIDENTIAL WELL SAMPLING
ECC SITE (SUBTASK 2-6)

CH2M HILL
Sample
Number

ECC-RW001-001

ECC-RW003-001

ECC-RW004-001

ECC-RW005-001

ECC-RW005-002

ECC-RW006-003

ECC-RW007-004

Date
Sampled

5/10/83

5/10/83

5/10/83

5/10/83

5/10/83

5/10/83

5/10/83

Time of
Collection

12:00 noon

11:00 a.m.

3:40 p.m.

12:15 p.m.

12:15 p.m.

1:20 p.m.

3:14 p.m.

Date
Shipped

5/10/83

5/10/83

5/10/83

5/10/83

5/10/83

5/10/83

5/10/83

Laboratory
Service

California
University

California
University

California
University

California
University

California
University

California
University

California
University

Analytical Labs
of Washington

Analytical Labs
of Washington

Analytical Labs
of Washington

Analytical Labs
of Washington

Analytical Labs
of Washington

Analytical Labs
of Washington

Analytical Labs
of Washington

Airbill
Number

226490821
226490832

226490821
226490832

226490821
226490832

226490821
226490832

226490821
226490832

226490821
226490832

226490821
226490832

OTR

E2790

E2792

E2793

E2794

E2795

E2796

E2797

ITR

ME0627

ME0629

ME0630

ME0631

ME0032

ME0633

ME0634

Chain-of1
Custody

5-3173
5-3174

5-3173
5-3174

5-3173
5-3175

5-3173
5-3175

5-3173
5-3176

5-3173
5-3176

5-3173
5-3177

01R - Organic Traffic Report
ITR - Inorganic Traffic Report

GLT412/26
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ANALYTICAL RESULTS

Inorganic analytical results for the residential well samples
are presented in Table 3. Quality assurance (QA) review of
these data indicates that the boron analyses are unreliable
due to contamination of the laboratory preparation blank.
This blank also contained calcium, sodium, and aluminum within
acceptable CLP limits. Iron and nickel concentrations were
below the U.S. EPA contract detection limits, but above the
laboratory's detection limits. Recoveries for spiked samples
were above required limits for barium and silver and below
the limits for calcium. The QA reviewer noted that high
concentrations of aluminum may have interfered with deter-
mination of lead concentrations.

Organic analysis of well water samples failed to detect any
of the compounds on the CLP list of hazardous substances.
Table 4 lists the organic compounds that each sample was
analyzed for. The methods used in the analysis did not
identify any other organic compounds that may have been in
the samples.

U.S. EPA QA review indicated that the organic data are not
quantitatively valid. The acid and base/neutral data are
qualitatively valid above the 50 ppb concentration level.
The pesticide data are qualitatively valid above the 5 ppb
level. The volatile compound data appear to be qualitatively
valid above 20 ppb, based on the reported concentrations
used in the calculation of the response factors for those
compounds.

No effort has been made to interpret these results. Eval-
uation of the analytical data from residential well samples
will be performed in Task 4 of the RI and discussed in the
RI report.

GLT412/24



Compound

Aluminum6
Chromium
Barium6
Beryllium

Cobalt
Copper
Iron
Nickel

Manganese
Zinc ,
Boron6'1
Vanadium

Calcium6
Magnesium
Sodium6
Silver

Arsenic
Antimony
Selenium
Thallium

Mercury
Tin
Cadmium
Lead9

Cyanide

Table 3
INORGANIC ANALYTICAL RESULTS RESIDENTAL NELL SAMPLING

ECC SITE (SOBTASK 2-6)
CASE NO. 1691

ME0629
Bankert
Residence
RH003

482b
<DLC

<DL

<DL
<DLC

"C

<DL
<DL.

. 2,22?
<DL

325b
22i

381,0i
<DL

25
<DL
<DL
<DL

<DL
<DL
<DL
<DL

<DL

ME0630
Roush

Residence
RH004

447"
<DL,
5.5C
<DL

<DL
<DL
9-2°

<DL

2,2
<DL

410b
480

380,000
<DL

28
<DL
<DL
<DL

<DL
<DL
<DL
<DL

<DL

ME0631
Jennings
Residence
RH005

,.b,c

303
>DL

<DL
42°

3,290
16

133
134

Jennings
Residence
RH005

(Duplicate)

131b
<DL
<DL
<DL

<DL
<DL_
11
7.8

<DL

;c,d

<DL

353,

<DL

348b
24

<OL

<DL

23
<DL
<DL
<DL

<DL
<DL
<DL
<DL

<DL

ME0633
Holly

Residence
RH006

97b,c
<DL
278
<DL

8.9C
<DL

1,110
19.3C

33.9
49.:
<DL

57,200
26,200,.
31,300̂

7.7C

7C
<DL
<DL
<DL

<DL
<DL
<DL
<DL

<DL

ME0634
Vandergriff
Residence
RH007

498b
<DL
2.4C
<DL

10.3°
<DL
<DL
8C

<DL
<DL,

2,280°
<DL

171b
290

260,000
<DL

24
<DL
<DL
<DL

<DL
<DL
<DL
<DL

<DL

ME0627
Blank

406b
4.5C
<DL

39
<DL

<DL
<DL.

1,870
<DL

40
<DL

143,000
<DL

10
<DL
<DL
<DL

<DL
<DL
<DL
<DL

<DL

Note: Based on the QA review, the accuracy presented in this table may be suspect.

?A11 concentrations are expressed in ug/1.
Concentration has been corrected for detected amount in the laboratory preparation blank.
^Value stated is below U.S. EPA contract detection limit.
QA data Indicates that relative percent differences (RDP's) were beyond acceptable QA limits.6QA data Indicate positive identification of these metals in the blanks or documented impurities.
QA data indicate that boron analyses are invalid because of contamination in the preparation blank.

gQA data Indicate that large concentrations of aluminum may have interfered with the lead analysis.
DL - Below analytical lab's detection limit.

GLT412/27



Table 4 (Page 1 of 4)
ORGANIC ANALYSIS LIST

ECC SITE

Constituent

ACID COMPOUNDS

2,4,6-trichlorophenol
p-chloro-m-cresol
2-chlorophenol
2,4-dichlorophenol
2,4-dimethyl phenol
2-nitrophenol
4-nitrophenol
2,4-dinitrophenol
4,6-dinitro-2-methy phenol
pentachlorophenol
phenol

BASE/NEUTRAL COMPOUNDS

acenaphthene
benzidine
1,2,4-trichlorobenzene
hexachlorobenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene
1.2-dichlorobenzene
1.3-dichlorobenzene
1.4-dichlorobenzene
3,3'-dichlorobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
4-chlorophenyl phenyl ether
4-bromophenyl phenyl ether
bis(2-chloroisopropyl)ether
bis(2-chloroethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadiene
isophorone
naphthalene
nitrobenzene
N-nitrosodiphenylamine

GLT412/29-1



Table 4 (Page 2 of 4)

Constituent

BASE/NEUTRAL COMPOUNDS (continued)

N-nitrosodipropylaraine
bis(2-ethylhexyl)phthalate
benzyl butyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
chrysene
acenaphthylene
anthracene
benzo(ghi)perylene
fluorene
phenanthrene
dibenzo(a,h)anthracene
indeno(2,3,3-cd)pyrene
pyrene

VOLATILES

acrolein
acrylonitrile
benzene
carbon tetrachloride
chlorobenzene
1,2-dichloroethane
1,1,1-trichloroethane
1,1-dichloroethane
1,1,2-trichloroethane
1,1,2,2-tetrachloroethane
chloroethane
2-chloroethylvinyl ether
chloroform
1,1-dichloroethene
trans-1,3-dichloropropene
cis-1,3-dichloropropene
ethylbenzene
methylene chloride

GLT412/29-2



Table 4 (Page 3 of 4)

Constituent

VOLATILES (continued)

chloromethane
bromomethane
bromoform
bromodichloromethane
fluorotrichloromethane
dichloridifluoromethane
chlorodibromomethane
tetrachloroethene
toluene
trichloroethene
vinyl chloride

NONPRIORITY POLLUTANTS HAZARDOUS SUBSTANCES

benzoic acid
2-methylphenol
4-methylphenol
2,4,5-trichlorophenol
aniline
benzyl alcohol
4-chloroaniline
dibenzofuran
2-methylnaphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
acetone
2-butanone
carbondisulfide
2-hexanone
4-methyl-2-pentanone
styrene
vinyl acetate
o-xylene

PESTICIDES13

aldrin
dieldrin
chlordane
4,4'-DOT
4,4'-DDE
4,4'-ODD

GLT412/29-3



Table 4 (Page 4 of 4)

Constituent

PESTICIDES (continued)

a-endosulfan
b-endosulfan
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide
a-BHC
b-BHC
d-BHC
g-BHC (lindane)
PCB-1242
PCB-1254
PCB-1221
PCB-1232
PCB-1248
PCB-1260
PCB-1016
toxaphene

DIOXINS

2,3,7,8-tetrachloro-dibenzo-p-dioxin

GLT412/29
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6- or 4-inch diameter steel casing was used to seal off near-
surface aquifers while drilling into deeper water-bearing
zones. Continuous split-spoon samples were taken through
the upper 20 to 30 feet in one borehole at each well cluster
location to define the near-surface stratigraphy and deter-
mine the setting depth of the 6- or 4-inch temporary steel
casing. Exact depths of drilling and casing are noted on
the boring logs in Appendix B. Split-spoon samples were
collected at 5-foot intervals below the 20- to 30-foot deprh
to the top of rock. One NX-size core run was advanced into
rock at each deep borehole, except at borehole ECC-3C where
the core barrel did not work properly.

MONITORING WELL INSTALLATION

Twelve monitoring wells were installed at seven locations
around the ECC site (Figure 1). Shallow and deep wells were
installed in the boreholes at the ECC-1, 3 and 4 cluster lo-
cations. Deep, shallow and intermediate wells were installed
at the ECC-2 cluster location and single shallow wells were
installed at ECC-5, 6, 7, 8, 9 10, and 11. Well construction
drawings are presented in Appendix C.

Once a borehole was completed, it was cleaned of drill cut-
tings and fluid by flushing with City of Zionsville water.
The monitoring well was then installed and developed. The
development procedure at shallow wells used an air compres-
sor to evacuate water from the standpipe above the screen.
An airline was lowered down the well to a depth just above
the top of the screen to ensure that no air was forced into
the aquifer. The column of water in the standpipe was ejected,
allowing aquifer water to surge into the well through the
screen. Each well was surged until the purge water no longer
contained sand or silt.

Well ECC-4A was contaminated with oil because the oil filter
on the air compressor failed to work properly while develop-
ing the well. As a result, two additional wells, ECC-6A and
ECC-7A, were installed along the eastern boundary of the ECC
site. These two wells were developed using compressed nitro-
gen, rather than an air compressor, to prevent the possibility
of oil contamination.

All of the deep wells and the one intermediate well were
artesian, flowing at the ground surface after being completed.
These were allowed to flow freely for approximately 10 to 12
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hours and no other development procedure was used. The flow-
ing wells were fitted with a special packer assembly that
was lowered into the well on 1-1/4-inch PVC pipe, as shown
in Appendix B. This system controls flow and allows water
to be evacuated above the frost penetration zone for winter
operation. Water level measurements can be taken by adding
additional 1-1/4-inch diameter PVC standpipes above ground
surface.

Ground surface elevations were surveyed and water levels
were recorded at all wells except ECC 6A through 11A on June
29, 1983. Water levels were also measured with an electric
sounder on either July 18, 19 or 20, 1983 and September 1,
1983; that were measured with an electric sounder. Eleva-
tions for ECC 6A through 11A were surveyed on December 13,
1984, when groundwater samples and water lime readings were
taken. Water and ground surface elevations are listed in
Table 1.

LABORATORY SOIL TESTING

Laboratory testing included index tests for soil identifica-
tion and classification. These consisted of Atterberg limits,
moisture contents and mechanical grain size analysis. Sam-
ples were selected for testing after visual classification
of all samples from a borehole and were selected on the ba-
sis of being representative of soil types encountered. Lab-
oratory test results are presented in Appendix D.

Mechanical grain size analysis is useful for determining the
characteristics of coarse grained soils from a single bore-
hole and for correlating stratigraphic units with similar
grain size distributions from several boreholes. Grain size
distributions of relatively well sorted and rounded sands
and gravels can also be used to estimate soil hydraulic con-
ductivities. Atterberg limits and moisture contents are
conducted to determine the plasticity characteristics of
silts and clays. This information is useful for cross bore-
hole correlation and for making rough estimates of soil
hydraulic conductivity without performing much more costly
field and laboratory tests.

SUBSURFACE CONDITIONS

Soil types encountered from the ground surface to the top of
rock are illustrated in Figure 2. These consist of glacial
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GROUNDWAIER LEVELS IN RI MONITORING WELLS

ECC SITE

Well No.

ECC-1A

ECC-1C

ECC-2A

ECC-2B

ECC-2C

ECC-3A

ECC-3C

ECC-4A

Ground Top Feet
Surface Casing from
Elevation Elevation Ground
Ft. - MSL Ft. - MSL Surface*

887.13 890.13 -5.46
-5.67
-6.24
-5.45
-4.58

886.76 889.46 1-5.06
+4.70
+3.99
+2.50

887.21 890.21 -5.15
-5.43
-6.15
-5.31
-4.50

886.65 889.65 +5.19
+4.34
+3.78
+2.10

886.80 889.70 +5.09
+4,78
+3.78
+2.29

876.47 878.87 -4.31
-5.13
-4.90
-5.26
-3.91

877.19 879.59 +12.52
+12.24
+13.30

884.34 887.24 -4.11
-4.38
-4.66
-3.51

Elevation
Ft. - MSL

881.67
881.46
880.89
881.68
882.55

891.82
891.46
890.75
889.26

882.06
881.78
881.06
881.90
882.71

891.84
890.99
890.43
888.75

891.89
891.58
890.67
889.09

872.16
871.34
871.57
871.21
872.56

889.71
889.43
890.49

880.23
879.96
879.68
880.83

Date
Recorded

6/29/83
7/19/83
9/1/83
11/29/83
12/12/84

6/29/83
7/18/83
11/29/83
12/13/84

6/29/83
7/19/83
9/1/83
11/29/83
12/12/84

6/29/83
7/20/83
11/29/83
12/13/84

6/29/83
7/18/83
11/29/83
12/13/84

6/29/83
7/19/83
9/1/83
11/29/83
12/12/84

6/29/83
7/20/83
11/30/83

6/29/83
7/19/83
9/1/83
12/12/84



Table 1 (Page 2 of 2)

Well No.

ECC-4C

ECC-5A

ECC-6A

ECC-7A

ECC-8A

ECC-9A

ECC-10A

ECC-11A

Ground
Surface
Elevation
Ft. - MSL

884.54

887.25

885.50

881.53

885.42

881.01

879.60

884.40

Top
Casing
Elevation
Ft. - MSL

887.24

889.85

887.62

883.93

886.22

883.11

882.30

886.90

Feet
from

Ground
Surface

+7.71
+6.93
+6.10
+4.65

-6.10
-6.49
-6.92
-6.19
-5.39

-4.45
-3.59
-3.12

-8.50b

-2.43
-2.61

-3.27

+0.08

-5.71

-3.43

Elevation
Ft. - MSL

892.25
891.47
890.64
889.19

881.15
880.76
880.33
881.06
881.86

881.05
881.91
882.50

873. 03b

879.10
878.92

882.15

881.09

873.89

880.97

Date
Recorded

6/29/83
7/18/83
11/30/83
12/13/84

6/29/83
7/19/83
9/1/83
11/30/83
12/12/84

9/2/83
11/30/83
12/12/84

9/1/83
11/30/83
12/12/84

12/12/84

12/12/84

12/12/84

12/12/84

*Posltive sign indicates water level above ground surface; negative sign indicates water level below
ground surface.
Noted while drilling with hollow stem augera.

GLI360/50-2
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tills, glacial outwash and possibly some shallow alluvial
deposits. The glacial till deposits, consisting predomi-
nantly of clayey silt and silty clay, formed the thickest
sequence encountered. They appear to be highly overconsol-
idated based on Atterberg limits and relatively impermeable.
Glacial outwash sands and gravels were found at all five
boring locations. These consisted of fine to coarse sand
and gravel that are highly permeable. Some alluvial deposits
may occur near the ground surface, especially near the south-
east corner of the ECC site and generally consist of fine
sand and silty sand. Cross sections illustrating.shallow
soil conditions at the site are presented in Figures 3, 4,
and 5. Included are some of the borings completed pre-
viously for the Northside Sanitary Landfill. The shallow
soil stratigraphy appears to be very complex near the south
end of the ECC site. This is probably due to the combina-
tion of till, outwash and alluvial deposits present in this
area.

Three water-bearing zones occur at different elevations and
appear to be fairly continuous under the site. These are:

o A silty clay zone, approximately 5 to 15 feet
below ground surface

o A shallow sand and gravel zone, approximately 20
to 30 feet below ground surface

o A deep sand and gravel zone, approximately 150 to
165 feet below ground surface

The water table was identified while drilling with hollow-
stem augers and continuous split-spoon sampling. Depths to
the water table ranged from 6 feet at ECC-3 to approximately
10 feet at ECC-1, 4 and 5, to 15 feet at ECC-2. Approximate
water table elevations are illustrated in Figure 6. The
water table occurred in fine-grained soils, usually sandy
silts or silty sand. At ECC-3, it occurred in a fine sand,
relatively free of silt.

A shallow sand and gravel zone was identified between
approximately the 20- and 30-foot depth at ECC-1, 2, 4, 5,
6, 8, 9, and 10. The potentiometric surface of this zone is
at a higher elevation than the water table at these boring
locations, as shown in Figure 6. This zone appears to be
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a glacial outwash sand and gravel zone, overlain by a silty
clay till which in places my act as an aquitard. The upper
till unit appears to be 10 to 15 feet thick throughout the
northern half of the ECC site. At ECC-3, the shallow sand
and gravel aquifer was overlain by 5 feet of till. The poten-
tiometric surface of the sand and gravel zone at this well
was not found to be appreciably different during drilling.
The shallow sand and gravel zone at ECC-4 occurs at a higher
elevation than at ECC-1, 2 and 5, and the zone consists of a
finer, silty sand at ECC-4 than at the other boring locations.
Due to the oil problem encountered when developing ECC-4A,
two additional wells were added; ECC-6A and ECC-7A (Figure 1),
along the unnamed ditch. An additional well was not added
at the ECC-4 location because of the low permeability soils
encountered there. The shallow sand and gravel zone was
identified at the ECC-6 locations and has very similar char-
acteristics to the 20- to 30-foot depth at ECC-1, 2 and 5.
At ECC-7, the zone is similar to ECC-4, with large amounts
of silt and interbedded clay lenses.

Four additional monitoring wells (8A, 9A, 10A, and 11A) were
installed at the ECC site in October and November 1984. The
locations were chosen to further assess groundwater flow and
quality to the south and southwest of the site. Wells ECC-8A
and -9A were installed in the shallow sand and gravel
aquifer. Both wells were difficult to install because of
flowing sand. Well ECC-9A was difficult to develop and does
not produce a large quantity of water. This well should
produce a large quantity, very quickly, based on the soil
grains size characteristics and the drilling conditions.
The reason this well does not produce water quickly, may be
because the flowing sand caused silt and clay to cave in
around the well screen, blocking the flow of water from the
aquifer. Wells ECC-10A and -11A were installed in less
permeable soil and also do not produce large quantities of
water. Well ECC-10A was installed with a screened zone at
about the same elevations as Wells 8A and 9A. Well ECC-11A
was screened at a shallower zone, approximately 10 to
15 feet below ground surface, because of high HNU reading
noted while drilling with the hollow stem augers.

The hydraulic conductivity-was estimated, from grain size
analysis, to be in the 10 to 10~ cm/sec range.
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A deep confined zone was found in outwash sands and gravels
near the top of rock in all four deep borings (Figure 2) .
The potentiometric surface of this zone is above ground sur-
face throughout the site, as shown in Table 1. This aquifer
is confined by an extensive sequence of overlying till, which
consists of very stiff to hard clayey silts and silty clays
with very low relative permeabilities, based on Atterberg
limits and visual classification. The natural moisture con-
tents and Atterberg limits indicate that this till is highly
overconsolidated. The maximum gradient in the deep confined
aquifer was found to be 0.005 between wells ECC-3C and ECC-4C.
The hydraulic conductivity_4was estimated, from grain size
analysis, to be in the 10 to 10~ cm/ sec range.

Several other sandy zones in the till are possibly small
outwash stages and may be water-bearing zones. Monitoring
well ECC-2B is completed in such a zone, approximately 100
feet below ground surface. The water level in ECC-2B is
very close to the water level in the deep well, ECC-2C (Table
1) . This zone is about 10 feet thick; however, other zones
encountered were usually less than 5 feet thick and generally
contained considerable amounts of silt and clay.

CONCLUSIONS

Two sand and gravel zones were identified beneath the ECC
site. The deep zone is confined and occurs at a depth of
about 155 to 165 feet below ground surface and just above
the top of rock surface. A shallow sand and gravel zone
occurs at about 20 to 30 feet below ground surface and may
be semiconfined in places due to lithologic variations in
the upper saturated zone. A thick glacial till sequence of
hard silty clay and clayey silt separates the two. The
potentiometric surface of the deep zone was found to be
above ground surface at all four deep boring locations. The
potentiometric surface of the shallow aquifer was above the
water table at. all boring locations except ECC-3. Flow in
both zones appears to be generally to the south, toward
Finley Creek ̂Fiht, 7).

The water table or top of the zone of saturation in the near
surface soil was identified while drilling with hollow stem
augers. It occurred in fine grained soil, usually sandy
silt or silty sand, except at the ECC-3 boring location,
where it occurred in a clean fine sand.
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Possible groundwater contaminant sources at the ECC site
include the cooling water pond, the surface storage areas
and spill areas around the bulk tanks. Possible pathways of
contamination appear to be in the water table aquifer and
along the unnamed ditch, especially near the southeast cor-
ner of the ECC site where relatively permeable soils exist
near ground surface. Contaminants may also be migrating in
the shallow confined aquifer in the vicinity of the cooling
water pond, which may be excavated to a depth below the top
of this aquifer. Contamination of the deep confined aquifer
is unlikely because of the thick sequence of low permeability
soils that act as a confining layer and the very high poten-
tiometric surface of the aquifer, which causes an upward
gradient throughout the confining layer.

GLT90/54



TECHNICAL MEMORANDUM
Subtask 3-1

Appendix A
ELECTRICAL RESISTIVITY SURVEY

GLT301/61-5



AN ELECTRICAL EARTH RESISTIVITY INVESTIGATION IN THE VICINITY
OF THE ENVIRONMENTAL CONSERVATION AND CHEMICAL CORPORATION SITE

Robert H. Gilkeson and Paul C. Heigold



Introduction and Physical Setting

This report presents findings from the application of the surface electrical

earth resistivity method to define shallow geologic materials in the vicinity of

the Environmental Conservation and Chemical Corporation Site (ECC). The study

area is shown on plate 1. The ECC Site is located adjacent to U.S. Route 421,

approximately 10 miles north of the corporate boundary of Indianapolis in the

eastern part of Boone County, Indiana. The physiographic setting of the area

surrounding the site is the Tipton Till Plain, an extensive flat to gently roll-

ing region formed on ground moraine till deposited during the Wisconsinan glacial

advance.

The ECC Site is situated immediately adjacent to a large municipal refuse

landfill. An unnamed stream flows southward along the east side of the site,

between the site and the covered surface of the landfill. Final cover elevations

on the top of the landfill are 994 feet above sea level. Excluding the elevations

on the landfill, elevations over the rest of the study area vary from approximately

906 feet in the northwestern corner to less than 869 feet along Finley Creek in

the southern part.

There are drainageways along the west, south and east sides of the ECC Site.

The drainageways meet near the southeast corner of the site. At a distance of

400 feet south of the junction, the combined drainage discharges into Finley Creek.

The highest elevations on the ECC Site are in a bermed area along the north-

western and northern side of the site. Elevations along the top of the berm range

from 896 feet to 900 feet above sea level. Elevations on the drum storage areas

within the site range from approximately 883 feet to 887 .feet above sea level.

Surface water from a large part of the site drains into a cooling water lagoon that

is present in the east-central part of the site.
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lilcvaclous lu the floor of the drainageway along the ease side of the site

vary from 882 feet at the nortlieantcrn corner of the site to 875 feet at the

junction of the two streams in the southeastern corner of the site. Elevations in

the floor of the drainageway at the northwestern corner of the site are 886 feet

above sea level.

The drainageways may be zones of discharge for groundwater in short flow-paths

from the site. However, a component of recharge on the site may flow southward in

the shallow geologic materials to zones of discharge along Finley Creek. The compo-

sition of the shallow geologic materials is an important control on the migration

of contaminants away from the site. The texture and composition of the materials

affect the velocity of groundwater and the attenuation of contaminants.

Drillers records from shallow borings in the study area have established the

widespread presence of sand and gravel deposits in the shallow geologic materials.

The borings also established that the sand and gravel was underlain by fine-grained

glacial till. Four deep borings located in the vicinity of the ECC Site that were

recently drilled to the bedrock surface found thick deposits of glacial till. Inter-

till deposits of sand and gravel were present in some of the borings. These sand

and gravel deposits are laterally discontinuous. The total thickness of unlithified

materials at the boring sites varied from 155 feet to 166 feet. A basal zone of

sand and gravel (thicknesses varying from 10 to 20 feet) was present in all four

borings. At three sites, the sand and gravel was in open connection with the lime-

stone bedrock—at one site an 8 foot thick layer of glacial till separated the sand

and gravel from the bedrock. Bedrock surface elevations at the sites of the four

borings range from 720.5 to 724.5 feet above sea level. Monitoring wells constructed

in the deep sand and gravel deposits established that artesian conditions were

present. The thick deposits of glacial till and the upward groundwater gradients
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._ in these materials are an important safeguard to prevent contamination of groundwater

resources in the deep sand deposits and in the limestone bedrock.

~ A field investigation with the surface electrical earth resistivity method
*1 was conducted on the site to obtian information on the geologic materials. The

I geophysical investigation was designed to investigate the presence and lateral

' continuity of shallow deposits of sand and gravel and the presence of thick deposits

of fine-grained glacial tills throughout the study area to depths greater than

- 100 feet.
]

!_ Electrical Earth Resistivity Investigation
!

Background

~~ The resistivity of a geologic material is a function of several variables

such as matrix conduction, the size, quantity and inter-connectedness of pore spaces

and the ionic strength of the contained fluid. It is obvious that the resistivity

_ of geologic materials cannot be defined in terms of lithology alone; however, some

generallztions are possible:

~ 1. Unsatuarated geologic materials have higher resistivity values than the
same materials saturated.

_ 2. Massive rocks with little pore space have high resistivities.

3. Saturated clayey sediments have low resistivities.

~~ 4. Clean sand and gravel deposits (little clay content) that are saturated
with groundwater of low ionic strength will have high resistivities.

— 5. Geologic materials (including sand and gravel) that are saturated with
groundwater of high ionic strength may have very low resistivities.

_ The significance of these generalizations to the geologic materials on the

ECC Site are as follows:

~~ 1. Thick sand and gravel deposits should have a significantly higher
resistivity than the fine-grained glacial tills.
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2. The resistivity of sand and gravel deposits near the ECC Site or the
landfill may be lowered if they contain contaminanted groundwater of
high ionic strength.

3. In some locations the surficial silty materials may be unsaturated and
therefore have resistivities that are similar to values for sand and
gravel.

A. The dense, massive limestone bedrock may have very high resistivity values.

Methods of Data Collection and Analysis

The geophysical field program was conducted on four separate dates—May 1,

May 8, May 18, and May 22, 1983. The 52 stations where electrical earth resistivity

measurements were taken are shown on plate 1. The study area contained many

features that may interfere with surface electrical measurements (metal fences,

metal buildings and tanks, buried and overhead electrical lines). Because of these

features, a series of measurements were taken at each measurement station through

a systematic expansion of the electrode array; a measurement technique known as

vertical electrical sounding (VES). In the present study measurements were taken

with a modified Schlumberger electrode array where a constant 10:1 ratio is main-

tained for the distance separating the current and potential electrodes. Apparent

resistivities were calculated for all of the measurements and graphs (VES-profiles)

were constructed for each station that showed the apparent resistivity values as a

function of the distance of electrode separation. The graphs were then analyzed

to reject erroneous values due to measurement error or interference. Representative

VES-profiles for A stations are shown in figures 1 and 2. Current electrode spac-
*̂*

Ings out to distances of 305 feet were used at most stations. At several stations

measurements were made at current electrode separations of 656 feet. Appendix I

presents the apparent resistivity values measured at each current electrode separa-

tion distance for the 52 stations. A digital computer program by Zohdy (1973) was
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used to solve the inversion problem to determine the layering parameters—"true"

thickness and "true" resistivities of the geologic materials for each of the VES-

profiles. The determined values are referred to as "true" in recognition that they

are a best approximation of the real values. Figures 3 through 12 show the layer-

ing parameters for each VES station on strip records that include a lithologic

interpretation. Most of the VES stations were located along 7 traverses shown on

plate 1. Figures 5, 6, 8, 9, 10, 11 and 12 present geoelectric sections for each

traverse.

The geophysical instruments used in the field program were a Bison Model

no. 2350-B and an ABEM Terrameter Model no. SAS-300. The Terrameter instrument was

used for all of the measurements on traverses B-B', C-C', D-D', E-E' and F-F1.

Results

The surface electrical earth resistivity measurements determined that the .

general sequence of geologic meaterials in the study area is a thin upper layer of

low resistivity materials (interpreted to be silts and clayey silts), a middle

layer of high resistivity materials (interpreted to be sand and gravel), and a thick

lower layer of low resistivity materials (interpreted to be fine-grained glacial

till). The middle high resistivity layer is present at all stations except for

VES-12 located in the northeastern corner of the study area. The thick lower layer

of low resistivity materials is present throughout the study area. Intertill

deposits of sand and gravel were not detected at any of the stations. Borings have

established that these deposits are present locally. These relatively thin, dis-

continuous deposits cannot be detected with surface electrical methods where they

are interbedded in thick deposits of glacial till.

At a few stations, the electrical measurements at large electrode separation

distances indicated a deep layer of high resistivity materials (the limestone bedrock)
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An example shown in figure 4 is the "true" resistivity of 1260 ohm-feet measured for

geologic materials at depths greater than 140 feet at VES-52. A resistivity value

of this magnitude is reasonable for the limestone bedrock. However, the available

space in the study area did not allow the long current electrode separation distances

necessary to accurately characterize the deeply buried limestone bedrock. Also, the

very high resistivity of the limestone bedrock "masks" detection of the overlying 7
f

basal sand and gravel deposits.

Table 1 compares the thickness and depth interval for the middle high resistivity

layer (sand and gravel) at VES stations to the thickness of sand and gravel reported

in drillers records for shallow borings at nearby locations. The approximate dis-

tance separating the VES stations and the borings is listed in the table. The

layering parameters determined for the VES-profiles compare well to the drillers

records, especially when the VES station and the boring are located close together.

Because of the significance of the drainageways to shallow groundwater flow

systems and also because the shallow geologic materials can vary greatly over short

lateral distances, it was necessary to locate VES stations between the drainageways

and the metal fence that surrounds the ECC Site. The affect of the metal fence on

the electrical measurements is problematic and was a reason for the decision to take

all measurements with the VES method.

Table 2 presents the range in layering parameters determined for geologic

materials in different parts of the study area; the values determined for the

traverses in the immediate vicinity of the site and the landfill are evaluated

.separately from the: 16. rcpionnl stations where electrical Interference is less of

a problem.

At the 16 regional stations, the "true" thickness of the middle layer (sand and

gravel deposits) were determined to vary from 14 to 60 feet. The thickest deposits
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TABLE 1

Kor the Vicinity oC the Knvironmcntnl Consorvntion and Chemical
Corporation Site, A Comparison of the Distribution of

Coarse-Gralned Geologic Materials Interpreted from Vertical
Electrical Soundings wilh Drillers Records from Shallow Borings

VES station no.v aor boring no.

Northwest
VES-30
ECC-1C
VES-45

d
Western
VES-37
ECC-5A
VES- 3 6

North6
VES- 7
SB-59

£

Northeast
ECC-2C
VES- 11
VES- 15

East8
SB-68

Total depth
feet

115
171
115

35
32
80

115
50.5

165.6
• 55
115

30

Thickness
feet

24
9
32

19
15
25

36
26

20
39
21

—————— Sand and
Depth Interval

feet

2-26
25-34
19-51

16>35
17>32
4-30

16-52
23-49

16-36
12-51
5-26

,bgravel ————————
Elevation interval

feet

884-860
865-856
873-841

868<849
869<854
880-854

878-842
869-843

871-851
879-840
884-863

primarily fine-grained materials, 3 feet

VES-12
ECC-4C

80
165.9

of silty sand in the depth interval of
18-21 feet
low resistivity values—fine-grained materials
primarily fine-grained materials, few thin
sand layers in the depth interval of 8-15 feet
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TABLE 1 (Continued)

VES station no.
or boring no.

hEast
VES-25
SB- 7 9

Southeast
VES- 14
SB- 7 6

Souttr
VES-40
SB- 5711

.
South
VES- 29
SB-60

South
SB-54
VES-52
SB-55

Total depth
feet

150
38

80
28.8

50
30.5it

80
30

30
150
25

Thickness
feet

25,
24

32
>21.8

28
9
5

25
7

23
16
23

—————— Sand and
Depth interval

feet

13-38
12-36

3-35
7>28.8

2-30
0-9

23.5-28.5

3-28
8-15

0-23
5-21
0-23

,bgravel —————————
Elevation interval

feet

873-848
873-849

880-848
876<854

878-850
880-871

856.5-851.5

876-851
869-864

873-850
869-853
872-849

a. The drillers records for the borings are in Appendix II. The approximate
locations of the SB-borings are shown on a figure in Appendix II.

b. Sand and gravel present to a depth of not greater than 60 feet.

c. Boring ECC-1C is located approximately 50 feet west of VES-30 and 175 feet
east of VES-45.

d. Boring no. ECC-5A is located along the western side of the site approximately
25 feet west of VES-37 and 60 feet south of VES-36.

e. Boring no. SB-59 is located along the north side of the site approximately
10 feet north of VES-7.

f. Boring no. ECC-2C is located 62 feet northeast of the northeastern corner of
the site fence, approximately 100 feet northeast of VES-15 and 70 feet north-
east of VES-11.

g. Boring SB-68 is located approximately 10 feet north of VES-12; boring ECC-4C
is located approximately 90 feet south of VES-12.

h. Boring SB-79 is located within the ECC-Site on the south side of the lagoon
approximately 60 feet east of VES-25.
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TAJJLJi 1 (Continued)

L. BorinR SB-76 Is located approximately 20 feet south of VES-14.

j. Boring SB-57 is located along the south side of the site approximately 10 feet
north of the location of VES-40.

k. Boring SB-60 is located along the south side of the site approximately 10 feet
north of the location of VES-29.

1. Boring SB-54 and SB-55 are located in the southern part of the study area.
Boring SB-54 is located approximately 60 feet northeast of VES-52; boring SB-55
is located approximately 50 feet southwest of VES-52.



TABLE 2

The Range in Layering Parameters—"True" Thickness and "True" Resistivity for
VES-Profiles at Measurement Stations in The Study Area

16 regional stations
away from the ECC
Site or landfill

Stations on traverses
near ECC Site

B-B1

C-C1

D-D1

E-E'

Stations near the
landfill on
traverse A-A1

Upper layer
(silts, clayey silts)

thickness resistivity
feet ohm-feet

2-11 72-191

3-13 61-173
7-22 86-128
0-16 65-150
3-16 65-364

3-5 70-120

Middle
(sand and

thickness
feet

14-60

9-30
22-40
19-51
14-28

0-39

layer
gravel)
resistivity
ohm- feet

213-409

149-291
156-182
182-281
172-307

176-294

Lower layer
(glacial till)

thickness resistivity*
feet ohm-feet

1̂00 90-174

-x-100 50-142

> 80 90-124
> 90 77-137
> 50 118-148

-v-100 57-115

The range does not include some anomalously low values and anomalously high values that were measured
in thin layers or at the bottom of profiles.

o
i
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are present in the northern and western part of the study area. The "true" resis-

t i v i t y oT tlu% middle layer at the- J6 regional HtoLions varied from 213 to 409 ohm-

feet.

At station no. 48 on traverse G-G'; two separate sets of measurements were

taken with north-south (VF.S-48A) and east-west (VES-48B) alignments of the electrode

arrays. The layering parameters for the two VES-profiles are shown in figure 6.

The layering parameters are very similar; the significant difference is a greater

thickness of the middle layer for VES-48A.

The VES-profiles in figure 1 and 2 illustrate the lower apparent resistivity

values that were measured at stations located near the metal fence surrounding the

ECC- Site. The shape of all 4 curves is characteristic of the 3-layer case where

the middle layer has higher resistivity, but the apparent resistivity values are

systematically lowered for the stations that are located near the metal fence. The

range of values listed in Table 2 demonstrate that the "true" resistivity values for

the middle layer are lower for stations near the ECC -Site than for the regional

values. The lowest values were for stations located along traverse C-C* on the north

side of the site between the metal fence and a woven wire farm fence. The ground

surface and fences were wet from a rain storm when measurements were taken along this

traverse. The systematic lowering of the "true" resistivity values for the middle

layer is also evident when the strip records in figures 7 and 8 for stations along

traverse F-F1 and D-D1 are compared. The stations on traverse F-F' are located 20

feet west of traverse D-D* on the west side of the drainageway.

An important control on the resistivity of sand and gravel deposits is the

ionic strength of the contained groundwater. Therefore, water quality data from

monitoring wells in the vicinity of the ECC Site were acquired from the Indiana

Department of Public Health to investigate the possibility that the lower resistivi-

ties near the ECC Site were due to the presence of contaminants that had increased
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the ionic strength of the shallow groundwater. Analyses for chloride, total dis-

solved solids and specific conductance are inbulauod for c.roimdwnter samples from

9 shallow monitoring wells in the study area on a map in Appendix III.

The values for chloride, total dissolved solids, and specific conductance

for groundwater from 2 wells located north of the site (no. 58 and no. 59) and 1

well on the site (no. 57 located south of the lagoon) are very similar to values

for those constiuents in monitoring well no. 37 located in the grass field west of

the site. Specific conductance varies from 560 to 620 y slemens/cm for the 3 wells

in the vicinity of the site compared to a value of 605 y Siemens/cm for groundwater

from well no. 37. Higher values for chloride, total dissolved solids and specific

conductance were measured in 2 wells located immediately south of the ECC Site.

For specific conductance the values range from 585-670 y Siemens/cm at well no. 57

and from 1060 to 1230 y siemens/cm at well no. 60. Note that the highest concentra-

tion for the three constiuents were measured in shallow monitoring wells located in

the southern part of the study area. Specific conductances of 1300 and 1500 y

siemens/cm were measured at well no. 56 and no. 55 respectively.

The increase In ionic strength in groundwater south of the sice is sufficient

to cause a decrease in the resistivity values measured for the sand and gravel

deposits. However, the decrease that has occurred is not evident in the "true"

resistivity values at either station no. 29 that is located near monitoring well

no. 60 or at station no. 52 that is located in the vicinity of monitoring wells

no. 55 and no. 56. The decline in resistivity that has occurred cannot be evaluated

without values for baseline resistivities before the contamination occurred.

It is highly probable that electrical interference by the metal fences is the

major reason for the lower resistivity values at stations near the ECC Site. Al-

though the "true" resistivity of the middle layer is lowered at these stations,
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r l n - (Irpt li lnfiM-vjil of Mir l;iyrr r.oi'iv l:tU-s wc.ll wiLli sund and gravel deposits

reported In drllliTH nvordii for mvirliy Ixir IIIR/I. Kx/iniplcu J iHLc'd In Tulilu 1 are

VKS-'J? and liCC-SA on Uiu wenturn side, VliS-7 and SB-59 on the north side, VES-25

and SB-79 on the cast side, VES-40 and SB-57 on the south side and VES-29 and SB-60

at the southeast corner of the site. The data indicate that sand and gravel deposits

are present at a shallow depth throughout the vicinity of the ECO Site; at depth

the sand and gravel deposits are underlain by thick deposits of glacial till. The

"true" thickness of the sand and gravel deposits ranges from 10 to 50 feet. The

thickest deposits were present at stations located on the north, east and southeast

sides of the site.

The shallow sand and gravel deposits are absent in a locality that is directly

east of the northeastern part of the ECC Site on the eastern side of the unnamed

drainageway. The low "true" resistivity values determined at VES-12 shown on traverse

A-A' in figure 12 indicate that the geologic materials to a depth of at least 80 feet

are primarily fine-grained. This interpretation is supported by the drillers records

for two borings (SB-68 and ECC-4C) that are located in the same locality. The data

indicate that in this locality the sand and gravel deposits terminate a short

distance east of the ECC Site approximately along a line that is marked by the

drainageway. The southern distance to which the sand and gravel deposits are

absent on the east side of the drainageway is not well-defined. The layering para-

meters determined for staions VES-13 and VES-14 indicate that the middle layer

(sand and gravel deposits) is present in the southern part of traverse A-A'. This

interpretation is supported by the drillers records at boring SB-76.

VKS-13 Js luc-nted approximately iiO feet south of boring ECC-4C.
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Conclusions

A surface electrical, earth resistivity investigation In the vicinity of the

ECC Site identified 3 layers in the unlithified geologic materials present to depths

of greater than 100 feet—1) an upper layer of low resistivity materials interpreted

to be silts and clayey silts, 2) a middle layer of high resistivity materials inter-

preted to be sand and gravel, and 3) a thick layer of low resistivity materials

interpreted to be fine-grained glacial till. The lower layer is present throughout

the entire study area. The middle layer (sand and gravel) occurs over most of the

study area and is only known to be absent in a small locality in the northeastern

part. Thickness of the sand and gravel is interpreted to vary from 0 to approximately

60 feet. The thickest deposits are present in the northern and western parts of the

study area. The resistivity values indicate that the sand and gravel deposits are

present throughout the vicinity of the ECC Site.

Because of the absence of baseline values, the resistivities measured in the

study cannot be related to the presence of contaminants in the shallow groundwater.

Electrical interference by the metal fence is believed to be the major reason for

the lower resistivity values measured for the middle layer in the immediate vicinity

of the ECC Site. A significant aspect of the field study was the finding that the

layering parameters of geologic materials to depths of greater than 100 feet can be

determined from vertical electrical sounding measurements taken at stations that

are located within 5 to 10 feet of metal fences.
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Plate 1. The Study Area for the Surface Electrical Earth Resistivity Investigation
in the Vicinity of the ECC-Site. The Map Shows the Locations of VES
Stations and the Traverse Lines for Geoelectrical Sections.



AIM'KNDIX I

A p p a r e n t R r s I s M v l M o H * For Vr r t l caJ F.lectrlcnl Sounding
I ' ro f l l c s At Scat Ions Located On The ICnvironmcnlal Conservation

And Chemical Corporation Site

Current
electrode
separation
distance
(feet)

/w*

6.6 Z-

9.6 3

14.2 4->

20.7 £-3

30.4 1 ' *>

44.6 iJ-6

65.6 20

96.4

141.4-

207.4

304.6

447 . 0 .

656.0

1

92.20

101.84

139.89

165.08

178.56

195.75
f

215.92

223.95

227.33

225.20

222.28

Vertical ei
2

———— appa:

75.47

81.93

102.46

112.40

134.11

158.71

189.94

210.83

211.59

223.56

lectrical s<
3

rent resist:

114.76

115.06

128.57

147.99

161.60

179.61

205.45

216.90

222.44

201.22

227.14

aunding station no.**
4 5

ivity (ohm-feet) ———

192.14 120.13

203.09 113.61

167.18 113.22

161.17 116.86

164.75 124.90

172.10 134.74

190.69 145.79

213.23 141.66

209.85 137.49

208.21 122.18

188.00

6

96.43

99.61

102.79

111.48

120.17

126.41

132.02

125.98

119.91

105.51

91.08

116.34

98.38

*Apparent resistivities in ohm-feet as a function of the distance separating
the current electrodes in feet (Schlumbcrgcr Electrode Array).

**Tho locations of tlia station.* arc shown on t\\* hasp. map.



APPENDIX I (Con't)

A|>imr<<nl Kry l.sL.I v ll It-s I'ur VcrLlc.nl Rloctrlrnl Sound J UK
Profiles At Stations Locnlc-d On Tho Knvironmcntnl Conservation

And Chemical Corporation Site

Current
electrode
separation
distance
(feet)

6.6

9.6

14.2

20.7

30.4

44.6

65.6

96.4

141.4

207.4

304.6

447.0

656.0

7
Vertical electrical sounding station no.

8 9 10 11 12

104.99

108.86

113.42

114.27

116.41

119.81

125.39

135.39

142.74

130.08

126.80

82.26

97.97

100.04

101.71

112.60

126.05

135.59

139.49

139.03

132.18

115.91

118.24 119.78 125.91

113.25 131.95 134.48

109.74 128.47 142.77

106.20 124.44 151.04

115.91 131.29 153.14

121.55 134.48 155.24

133.56 137.62 154.68

137.33 147.66 154.09

133.66 146.22 148.02

144.74

85.21

90.29

87.77

99.31

88.88

92.33

87.67

114.34

69.99

48.74

^Apparent resistivities in ohm-feet as a function of the distance separating
the current electrodes in feet (Schlumbcrger Electrode Array).



APPENDIX I (Con't)

Apparent Resistivities* For Vertical Electrical Sounding
Profiles At Stations Located On The Environmontnl Conservation

And Chemical Corporation Site

Current
electrode
separation
distance
(feet)

6.6

9.6

14.2

20.7

30.4

44.6

65.6

96.4

141.4

207.4

304.6

447.0

656.0

Vertical eJ
13 14

———————————— appai

111.61 72.48

117.32 75.99

120.63 91.61

123.95 106.76

146.55 135.98

156.48 159.24

166.39 183.45

166.75 178.69

148.84 139.89

130.90

129.06

127.19

105.51

.ectrical sc
15

rent resistd

118.34

117.55

114.76

118.80

136.02

142.38

147.30

138.21

129.13

129.03

128.93

122.08

115.19

mndlng station no.
16 17

Lvity (ohm-feet) ———

131.98 116.73

140.54 108.60

138.15 118.04

139.36 118.30

143.92 118.53

155.37 120.14

162.36 131.00

156.02 126.41

141.63 115.88

120.63

18

196.20

161.50

144 . 94

128.34

125.82

129.88

125.00

125.06

108.40

82.13

71.56

^Apparent resistivities in ohm-feet as a function of the distance separating
the current clcctrodos In foot (Srhi umberj»,er Electrode Array).



APPENDIX I (Con't)

Apparent KesistivJtics* Tor Vertical Kluctrical Sounding
Profiles At Stations Located On The Environmental Conservation

And Chemical Corporation Site

Current
electrode
separation
distance
(feet)

6.6

9.6

14.2

20.7

30.4

44.6

65.6

96.4

141.4

207,4

304.6

447.0

656.0

Vertical e:
19 20

appai

128.96 153.89

119.16 144.71

116.07 130.97

119.75 132.54

129.16 134.11

142.02 145.79

113.84 157.47

85.64 150.09

74.78 134.64

118.17

101.71

Lectrical so
21

rent resisti

96.49

109.12

122.67

136.18

144.32

152.45

153.43

137.56

117.62

93.31

unding stal
22

vity (ohm-i

109.58

117.39

125.19

136.90

148.58

164.62

161.08

145.27

105.18

84.78

86.16

87.51

82.82

:ion no.
23

Feet) ————L C W %r /

92.29

107.55

121.91

136.28

150.68

160.35

163.14

142.94

120.67

89.83

79.11

88.46

64.94

24

106.00

110.10

120.47

128.31

138.41

151.14

149.86

142.64

113.32

89.60

*Apparent resistivities in ohm-feet as a function of the distance separating
the current electrodes In foot (Srhlumbergor Eloutrode Array).



APPENDIX I (Con' t)

Apparen t Ku.sL.sL Lv IL Le..s* For Vor t ica l lilectr Leal Sounding
roL* I iuii AL Stat ion:; Located On 'I'lio Kuvlruumc'ntal Con^orvatluit

And Chemical Corporation Site

Current
electrode
separation
distance
(feet)

6.6

9.6

14.2

20.7

30.4

44.6

65.6

96.4

141.4

207.4

304.6

447.0

656.0

25

161.54

153.53

145.50

140.64

146.35

152.06

159.90

164.39

141.63

125.46

109.25

105.05

Vertical e
26

———— appa

84.82

103.15

113.88

120.11

126.34

146.55

148.35

148.25

121.68 •

92.03

71.20

lectrical sounding sti
27 28

rent resistivity (ohm-

184.00

167.28

150.55

158.55

166.52

180.26

194.01

182.23

160.88

123.78

86.65

177.28

156.98

143.92

147.07

154.45

165.90

171.28

164.39

141.63

112.89

it ion no.
29

-feet) ———

97.41

103 . 64

107.71

137.30

151.07

166.46

181.84

172.23

162.62

135.26

30

119.22

130.18

151.60

184.04

205.68

204.60

203.75

194.17

193.02

148.87

139.40

210.14

212.38

*Apparent resistivities in ohm-feet as a function of the distance separating
i. he current f l u c l r m h - s In f i-d OVIi l i in i lMTf . f r Electrode A r m y ) .



APPENDIX I (Con't)

Apparent Resistivities* I'or Vertical Electrical Sounding
Profiles At Stations Located On The Environmental Conservation

And Chemical Corporation Site

Current
electrode
separation
distance
(feet)

6.6

9.6

14.2

20.7

30.4

44.6

65.6

96.4

141.4

207.4

304.6

447.0

656.0

31

188.56

' 189.45

190.30

201.22

200.44

207.68

199.68

188.20

174.88

156.32

143.17

188.01

178.60

Vertical «
32

———— appj

89.77

95.08

100.56

116.83

142.41

159.24

172.10

167.96

152.12

123.19

101.71

132.71

electrical sounding st<
33 34

irent resistivity (ohm-

95.12

108.76

114.17

121.39

138.25

162.03

177.77

179.87

166.13

134.18

107.71

143.76

115.65

118.60

121.52

133.20

147.30

171.41

183.45

188.20

167.87

130.90

101.71

it ion no.
35

-feet) ———

97.87

121.03

140.97

160.91

178.46

180.92

183.45

171.54

153.89

128.34

109.25

36

72.35

91.24

112.97

144.51

171.74

182.49

189.94

176.30

150.38

125.75

^Apparent resistivities in ohm-feet as a function of the distance separating
the current electrodes in 1'erl (SchlumherRor Electrode Array).



APPENDIX I (Con ' t )

A|>i>arc-ia Kf.sl .si l . v l L l.i-H* l-'or V t - r l lc:;iJ I ' l l c-cLr lc;i I Sounding
I ' r o f lU ' s Ai: Si .11 Ion;; l.nr.-it rd (in Tlu- Knv I rnnmcntnl Consorvn t Ion

And Chemical Corporation Site

Current
electrode
separation
distance
(feet)

6.6

9.6

14.2

20.7

30.4

44.6

65.6

96.4

141.4

207.4

304.6

447.0

656.0

Vertical cloctrlc.il sounding station no.
37 38 39 40 41

————————————— apparent resistivity (ohm-feet) ———

140.22 302.77 502.66 98.95 116.73

143.40 251.34 310.41 125.91 129.26

145.66 168.75 233.79 128.18 137.69

150.25 129.85 161.90 139.36 146.51

154.84 137.13 171.41 155.96 165.83

160.35 152.06 194.66 172.33 189.97

161.54 166.39 210.24 168.03 212.05

167.96 160.81 182.23 160.81 216.18

155.63 203.39

180.53

153.76

199.68

186.17

42

135.59

133.43

134.84

144.09

162.06

188.23

217.16

218.41

205.91

175.84

145.96

*Apparent resistivities in ohm-feet as a function of the distance separating
the current electrodes In foot (SrhlumherRcr F.loctrode Array).



APPENDIX I (Con't)

Apparent KcsLsLJ-v I Lies* For Vortical Electrical Sounding
Profiles At SLations Located On The Environmental Conservation

And Chemical Corporation Site

Current
electrode
separation
distance
(feet)

6.6

9.6

14.2

20.7

30.4

44.6

65.6

96.4

141.4

207.4

304.6

447.0

656.0

43

95.84

106.20

126.60

150.38

174.59

190.30

211.56

207.19

192.73

172.79

136.02

Vertical <
44

———— appi

71.01

76.12

109.81

125.55

156.16

186.82

220.74

231.89

218.21

181.64

151.47

electrical sounding stc
45 46

irent resistivity (ohm-

107.22

122.08

151.79

157.07

177.38

197.42

210.24

225.86

228.38

227.40

216.77

254,40

114.93

122.67

126.47

147.50

160.94

184.13

209.19

227.89

216.84

193.02

—

287,30

it ion no.
47

•feet) ————————————

140.18

152.45

164.72

175.54

186.20

196.86

208.60

216.80

225.59

213.03

192.14

205.65

219.16

^Apparent resistivities in ohm-feet as a function of the distance separating
tlic rurront plectrodos 1n foot (SchlurnhnrRpr Electrode Array).
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Appendix B
BORING LOGS
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OLMa HILL
PROJECT NUMBER BORING NUMBER

UJ&£*L*O.C, ~^> £C(L- /A SHEET / OF &-

SOIL BORING LOG

PROJECT LOCATION

ELEVATION Q67. DRILLING CONTRACTOR T)#tUtAt6- £-O ,

DRILLING METHOD AND EQUIPMENT. r.o.
WATER LEVEL AND DATE 6.5*- V/ /9S - .START FINISH . Lo<J£t.l-

D
E

P
TH

B
EL

O
W

SU
R

FA
C

E

SAMPLE

ER
VA ER

Y
RE

STANDARD
'ENETRATION

TEST
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

C

C

/S
s/try a/iY 6A>uiiJ Ano

•/
If 3-3- 3-6

/\
If"

Surf <; fitossr

/s
/o

f i
&7-B-1* //.s- SATuWrfO Son. A*

18 \
55-8 1-7-M-if

/8
ss-; 22. S/tr*

7.1
&

(ft) -7

/C,
sr.o

SAfJO. ftt/f TO
ra

£RAyf

33 • -,0 r CtAY /4oTT£f0 77** AttD
5S-/3 tt

TO — & l*~>~-

i£ii (CL-HL)
REV 11/82 FORM 01566



CH2M
ISHILL

PROJECT NUMBER

li)&£"£L*O. £3
BORING NUMBER

£CC ~ /A SHEET £ OF 2. 1

SOIL BORING LOG
1

PROJECT .LOCATION
ELEVATION

DRILLING METHOD AND EQUIPMENT
? rlWATER LEVEL AND DATE -3-J

CMC
DRILLING CONTRACTOR

#l6-. A/S/I

MATftLO T>£ I CLU G- CO.

Tt> J" *j " 1*™* / &, ,

START . FINISH .LOGGER

SAMPLE

I
Si

STANDARD
PENETRATION

TEST
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

O

7Z>

REV 11/82 FORM D1586



CH2M
HHILL

-

PROJECT NUMBER

CV6^?30. C3
BORING NUMBER

£CC. — /C, SHEET / OF Co

SOIL BORING LOG

PROJECT

ELEVATION . *7O DRILLING CONTRACTOR

_ LOCATION .
/tfAT£co CO.

DRILLING METHOD AND EQUIPMENT ________

3. 9- (*/i IS*> - C> 9aO H £ 5

9 '.
WATER LEVEL AND DATE .START P1MISH .LOGGER .

E
LE

V
A

TI
O

N

HI

III

J .

-

y -

a-
•

/o-
.

*•
/y-

r

*']

":

SAMPLE

IN
TE

R
V

A
L

J3.-T

X
SLf.Q

TY
P

E
 A

N
D

N
U

M
B

E
R

$*-/

R
EC

O
VE

R
Y

/8"

STANDARD
PENETRATION

TUT
RESULTS

zZL*

-

&-/O-/3

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

/ r~ 'Vtrswteo to* o rote.

•

-

•

•
-
.

•

-

^

^23.5"
jWg f/Mf TO CfiA^tf,

&> ;

S
Y

M
B

O
LI

C
LO

O

' , '•

•
t

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

rrsfr jvo D*of* •
UflH^r- S*~*t*,* .

&C-/A LoCr ^a*

S#*U*«J ^ «"TS^

.

. _ /
$£T~ MWj- TO 9 -

jVfAt pat"?b b ^

CAS/&6- 7~0 O

-

f
/faf CAtfO &&*** 23.5 '

t

•

_ c

G

REV 11/82 FORM 015M



PROJECT NUMBER BORING NUMBER

SHEET OF

SOIL BORING LOG

PROJECT ^Si^fD/^H, LOCATION
ELEVATION . 7<J

DRILLING METHOD AND cn...DUC.aT

WATER LEVEL AND DATE

DRILLING CONTRACTOR

&G-. W
CO.

g/ &&JTVAjlTS: MuC> 3O

- ObOO HKS START & /2- /fl ^_ FINISH 6/3/31

-C

REV 11/82 FORM 01586



c~V

CH2M
KHILL

PRI
ELE

OR

WA

E
LE

V
A

TI
O

N

o

c

PROJECT NUMBER BORING NUMBER

CC£,~ /d. SHEET 3 OF fff

SOIL BORING LOG

-,,^T &C /e&ueeyit. /W£S77G-/PT/OAJ .ORATION AJO^rM^ffT £&#AJ£g

NATION

LLING ME

TER LEVE

D
E

P
TH

B
E

LO
W

S
U

R
FA

C
E

*o-

62-

£(.-

68-

To-

7*-

7V-

fl/

78-

80-

02-

9V-

Q&
O ^} ^m

&Q6* 7O nRILLING COWTPAr.TOR Mfi

THOD Al

. ANOD

>4DEOU

»TC ^'

7T5CO t)£tLUAJ6- CO.
PUBMT dA/£ S5~O £lGr /^OTTWy U/ITH &£»J7D*JtTF /MuO &&OtJ 3C)'

3 -<o/f/&:!> -O<oZO H£Z START <£/e£/<?3 FINISH &/ff/&2 mnr.ea ^-M J&*faSoM

SAMPLE

IN
TE

R
V

A
L

sffX
ŵ.r

'X

X
-70.5"

X
76.0

nrx
9*5*

9/r

X
96.0

TY
PE

 A
N

D
N

U
M

B
E

R

^-3

ss-f

sr-;6

SS-/'

«

SS-li

swv

R
EC

O
VE

R
Y

^t

/9"

/J"

I3L"

/a"

it

i«

STANDARD
PENETRATION

TEST
RESULTS

*££

/H7-M

/8-/1-/?

sr-fA

rt-r?

to**-*

W-Cc/s"

J3-3/-V5*

' '

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

S/lTf CiAY AtM£-6*A

7Z> ulfT, tf-AGD

CA//

'̂̂ "^
sicri CLAY G&AY *u
$***£ fitvf 7-o Ce*

S/W 6-#fH j AtoisT^ ///

S/LT tyZ&jJiJj /uov^T" /

/f*Jp f/*J£ ££A*JEL

(A1L)

J f i '
(t)ITfi FitJf TO C*A4i

££/*"

^1)

^<3.r' •
f*lTA</

£3.5" /

"•s ̂  MAHQ,
i£jf $A*>O '

*K t*^f

•A^P

M*ep
f S**ID

«

p- j^^3^^5
frr*jtiStf i

S
Y

M
B

O
LI

C
LO

O

?
^

%

%

*£̂
\
i

.

&
%

I
rf

1

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

•

-

—

-

REV 11/83 FORM 01584



PROJECT NUMBER BORING NUMBER

SHEET OF

SOIL BORING LOG

PROJECT //(Jtf£:77e>47Tt>d LOCATION AJo#r7i>*Jct ~
— ELEVATION DRILLING CONTRACTOR , DA/LL/*J6- CO .

DRILLING METHOD AND EQUIPMENT. SS'O &StJ7^fJlTf

WATER LEVEL AND DATE -7 - 6./7/fl3-

REV 11/82 FORM 01586



CH2M
BHILL

-

PROJECT NUMBER

CJ6&3O.C3
BORING NUMBER

^CC. ~ /C. SHEET 6 OF 6

SOIL BORING LOG

&Q&.70

PROJECT _

ELEVATION

DRILLING METHOD AND PniHPuCMT £.M£

WATER LEVEL AND DATE——————————————_

LOCATION
DRILLING CONTRACTOR

l\6-

START FINISH t/8/83

F)#r'-(L/AJ6- _ _
BgdraA/rrg Muo &&LOUJ

. nr.r.co T! //

D
EP

TH
B

EL
O

W
SU

R
FA

C
E

SAMPLE

ER
VA

TY
P

E 
A

N
D

N
U

M
B

E
R

R
EC

O
VE

R
Y

STANDARD
>ENETHAT1ON

TEST
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL SY

M
B

LO
O

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

IMS

/Jo SS-H V"

feO

/Xf.S
SS-21 5"'

c
SS-23

/M- cufr; '

IX-

/¥»

m
/B sr/sr, ***>

c X /a"

/W-
REV 11/62 FORMD1S86



PROJECT NUMBER BORING NUMBER

SHEET OF

SOIL BORING LOG

PROJECT , LOCATION

ELEVATION DRILLING CONTRACTOR ,

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE ̂ _____

Qj /7W |UUfl 2O'

.START 6/3/93 . FINISH .LOGGER

S

SAMPLE

I
IK

STANDARD
PENETRATION]

TEST
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL \

COMMENTS

DEPTH OF CASING,
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

Iff-?

X

//v- /Pf.f
5Y-VO-Y0

f,4/£

C /SB~\
TO

» . •

* ;

"f

/7t>-

1
liX A/.4.

R&HC.D t*>t£ UHTH

<
v'

G

REV 11/82 FORM 01566



CH2M::HILL
PROJECT NUMBER

UXcfZ^O. £3
BORING NUMBER

£~CC - 0LC. SHEET / OF (0

SOIL BORING LOG

PROJECT

ELEVATION nQCo* S7________________ DRILLING CONTRACTOR

DRILLING METHOD AND FOIHPUCMT C/4£- S'S'O &<r__2% L D.
X /,,//•

WATER LEVEL AND DATE.

. LOCATION

START ^

-Uj/&ar34//7g /HSA TS ^6 \ 6/jTAift/ (jJlfc&jrw/T
l__ FINISH &//7/81 .or.r.ca ^.X/

SAMPLE

Itil

STANDARD
PENETRATION

TEST
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

_c

o

X /8 7-3-1-3

SS-1 A

Sf-3

€
8-//-/0-/0

/<>•

Ai

J/-8 /t 3-V-V-0

(CL-ML)

SS-? is Q-9-H-I*

9-9-/o-/o CSP)
20-

SS-ft

If

-2Y //-//-/J-//

Jff

/8-r7-i9-zt

Ul*rf4 AT

• o'
0

ffl

'*'

REV 11/82 FORM 01586



CH2MKHILL
-

PROJECT NUMBER

(sj&r^io. <~3
BORING NUMBER

£££. -£.C SHEET £-- OF (0

SOIL BORING LOG

PROJECT _

ELEVATION

DRILLING METHOD AND CCMHPUCMT £M£

WATER LEVEL AND DATE

DRILLING CONTRACTOR .
#>£.

_ LOCATION .

/4ATf£t>
U//T*

-C

o

REV 11/82 FORM D1586



PROJECT NUMBER BORING NUMBER
SHEET J OF

SOIL BORING LOG

PROJECT . LOCATION

. 7TELEVATION __

DRILLING METHOD AND EQUIPMENT

WATER LEVEL AND DATE ———————

DRILLING CONTRACTOR

.START . FINISH .LOGGER

£3*
323

SAMPLE

ER
V

TY
P

E
 A

N
N

U
M

B
ER

R
EC

O
VE

R
Y

STANDARD
'ENETRATION

TEST
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

_ c

c

60 • ss-23

X

68

X

X /a"
76-

7B-

7/rr

80- XSfl.r

X
&>.

S3.
REV n/82 FORM 01 see



PROJECT NUMBER BORING NUMBER

SHEET OF

SOIL BORING LOG

PROJECT , LOCATION

_ ELEVATION g Bug • 77 DRILLING CONTRACTOR . CO,

DRILLING METHOD AND Pn.npuPUT 5"5Z> /^/A &7X** U><r# /3f<.°<~>

WATER LEVEL AND DATE START FINISH LOGGER

III
SS2

SAMPLE

1lu

RE
STANDARD

PENETRATION
TEST

RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL s

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

/*• ', /HO/S7-,

91-

w-
X

/*>•

/af- /&.?
>< SJ-JJ. Vfity

/<&. *>S:Y

/09-

X /e fsvf,

//<• X
//S-

REV 11/82 FORM 01586



PROJECT NUMBER BORING NUMBER

• SHEET * OF

SOIL BORING LOG

PROJECT . LOCATION

ELEVATION .9<S DRILLING CONTRACTOR !>&U,m/6-
DRILLING METHOD AND

WATER LEVEL AND DATE START FINISH <a/''7/33 i nr.rtCP

D
EP

TH
B

EL
O

W
SU

R
FA

C
E

SAMPLC

ER
V

TY
PE

 A
N

N
U

M
B

ER

RY
RE

STANDARD
ENBTRAT1ON

TEST
RESULTS

fNt

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

C

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

X /B

/J2-

X SS-36.
£// /

-C ro

/}o iS-37 0" 6.0/4

*£T>

X /a SUT-

o
/V2-

/</*.

(tJ)

REV 11/82 FORMD1M6



CH2M
KHILL

PROJECT NUMBER BORING NUMBER

£&£-£. C SHEET W9 OF £»

SOIL BORING LOG

PROJECT /AJ(/£CT7'6-/lr/V*/
ELEVATION

DRILLING METHOD AND cni IIPUCKIT CMf £5O

CO.

WATER LEVEL AND DATE. START < 3/^3 FINISH <0/t7/& 3 .LOGGER 5 A/.

I

E
LE

V
A

TI

HI

1*1
322

/*>-

. /**-

/&-

/to-

X*
^

/&•
•

-

>,
j

IN
TE

R
VA

/V9«'

f*/5V.0

^>-<c

><
/*«.*•

V/\/*f.f

IAMPLE

D

TY
P

E
 A

N
N

U
M

B
E

F

*-«,

Sl-Vi

v-n

+
AM

6>jf£

•

Z

R
EC

O
VE

it

0"

V"

3'

STANDARD
PENETRATION

TEST
RESULTS

'"m,"*"

**>-*

<*O/Yf'

b^5"

s/.A.

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

•^ /4f£0

SAfJD Ff*J£ 7t> Mft3/ur~t &?Ay CtJf-7"

y&l*/ D&JSf £<"«f t/**£trv*s&

i« :

SAJD Pt*>£ TO Ca^Otf ffjfA1/. (A>£r~

vftty Df*jj£" $0»4f &*j£ <S-#A</£L.
(se -y)

_ v*tfJ^ . etjfrrf^/*^^t/OW/C ^ £/w4*y &&Ar TO 1*Jt*rrff —

Wt,, usu**r»e£rj>

&eT7»* OF &*e&>6-~7 /6f?f

m

U

o1

So
22
^//

,

o •

' *==>

0

.
• o .

. 6 _ _

•

•a '

( 1
!

J /

-V-

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

-

—

-

.

^

-

-

REV 11/82 FORM 01586



CH2M
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PROJECT NUMBER BORING NUMBER ,
X ij£CC -£A SHEET ^.orj.

SOIL BORING LOG

£(.£ eV

— ELEVATION Q~7to -(0O

DRILLING METHOD ANO EQUIPM

WATER LEVEL AND OATE_tt

"Bll f US f-QNTHAfrrop /vfArfzo T>B-iLij*j6- &3.

START FINISH

HI
HI UI3
O B M

SAMPLE

ER
V

TY
PE

 A
N

D
N

U
M

B
ER

STANDARD
>ENETRAT1ON

TMT
RESULTS

Ul

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL •Y

M
LO

O

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

TO
PA* -Hi +to/sr; TZfe*

•IS (u)

c,

e'

$5-3
6..O

TO

/^
5S-0

•x SS-?

•X 13

•X '•>.„
•X > Fi«of ro„„

Ar 3*f*f*'-T

AT 6- a'



CH2MS:HILL
PROJECT NUMBER BORING NUMBER

i /*
£CC—3C. SHEET / OF fa

SOIL BORING LOG

PROJECT

WATER LEVEL AND DATE. START <*/&/8l FINISH .LOGGER.

E
LE

V
A

TI
O

N

HI

IIIui ui 3
OBM

-

J* -

•-

8-

-:

SAMPLE

IN
TE

R
V

A
L

3.7.0

^<
29.'?

TY
PE

 A
N

D
N

U
M

BE
R

v-l

UI

UI

ftc

STANDARD
PENETRATION

TEST
RESULTS

""3?"

W6&

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY -
OH CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

-

-

-

^m

O

,•' X

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

Cff-Sfr *WO

£AimP£.iiJG 73 P3.?

Sg£ £GC -3/1 ^<J-
fgll 5/tV«xocu Sou-

-

SfT Y^ASi^C- TO M.S"

-O

o

REV 11/82 FORM 01586



PROJECT NUMBER BORING NUMBER

SHEET OF

SOIL BORING LOG

PROJECT .LOCATION
ELEVATION . 7S" DRILLING CONTRACTOR

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE——__^_ .START . FINISH

SAMPLE

ER
VA

STANDARD
>ENCTRATION

TEST
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT, RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

ro

(CL-ML)

_c sr-3 /r \ast/ ro Jfato
Wo W—0

V(, 16 sr/rf

(cl-« 0

A 18

JV-

^
G

REV 11/82 FORM 01586



PROJECT NUMBER BORING NUMBER

SHEET OF
SOIL BORING LOG

PROJECT . LOCATION Sba7Wgt.fr
ELEVATION DRILLING CONTRACTOR CO.

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE .START . FINISH .LOGGER

DE EB
EL

O
W

SU
RF

AC
E

SAMPLE

TY
PE

 A
N

N
U

M
B

ER

RE
STANDARD

PENETRATION
TEST

RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

B
O

LI
S

Y
M

LO
O

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

c.

£0-

GO-

6V-

X

70-X
inr

7V-

:x75:5-

78-

80-

8V.5-

V*

38-37- Y7

W-tt-'/S'

rt>

frO

CLAVZY 5Vfc^

TO

yt.o'- 7*0'

f

iu»aoo
//U /U</0

REV 11/82 FORM 01586



CH2M
BHILL

-

PROJECT NUMBER

U>6f~<230. C3
BORING NUMBER

&£~3C SHEET ^ OF G

SOIL BORING LOG

PROJECT .LOCATION

ELEVATION DRILLING CONTRACTOR /VA7&O D£l<-UAJG-

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE—————.—— .START F!N.SH

D
EP

T
B

EL
O

SU
R

F

SAMPLE

IN
TE

R
VA

TY
P

E
 A

N
D

N
U

M
B

E
R

RE
CO

VE
RY

STANDARD
ENETRATION

TEST
RESULTS

(N)

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL SY

MB
OL

IC
LO

O

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

99. f

90-

9^.

X /*
UET

is-//
ff.0

96-

/OO.O

/oz,-

(ex.?
/X\ «f •/£

(sve^v;

/08-

//O SS-17

o
//a.

//y

//<&
a."

(Vn / -

/i:-',

//5To - // A o '

REV 11/82 FORM 01586



CH2M::HILL
PROJECT NUMBER

(jJ(ttf^.^>O . C, £

BORING NUMBER

^-£ — 3<L SHEET ^ OF G?

SOIL BORING LOG

REV 11/82 FORM 01566



CH2Ma HILL
-

PROJECT NUMBER

t*J&j~21C. C3
BORING NUMBER

£cc - 3c SHEET U? OF fo

SOIL BORING LOG

PROJECT . LOCATION

ELEVATION DRILLING CONTRACTOR CO.
DRILLING METHOD AND EQUIPMENT.

ft. A/.

_ c

o

z

E
LE

V
A

Tl

HI

-

/*>-

'*'-

/&-

«v

!

_,

IN
TE

R
VA

Mr
X

SAMPLE

O

si

W

£
R

EC
O

VE

if

STANDARD
PENETRATION

TEST
RESULTS

6--6'-8"

3o-yy.fr

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

Ci~A^ &UW - £f#i*J/J /4.0iST~

Mi

«

U

O

\\

%

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

•

•

-

^yjf C&s&c £3rf&&££

&£6Jffxf — • ^o*ct O tJQ ̂ ~

TO co&£ AecJ?

REV 11/82 FORM 01586



CH2M
BHILL

PROJECT NUMBER

^(ffSc^BO. C3

BORING NUMBER

^cc.- */& SHEET y OF G»
SOIL BORING LOG

PROJECT

ELEVATION ggV. , DRILLING CONTRACTOR MATFt.0 ££>

DRILLING METHOD AND EQUIPMENT

WATER LEVEL AND DATE t

" X.D.

START PLNISH .LOGGER

*t-Qlk
0. IjC
SS2

SAMPLE

IN
TE

R
VA A

N
D

BE
R RY

RE
STANDARD

PENETRATION
TEST

RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY, USCS GROUP SYMBOL SY

M
B

O
LI

C
LO

O

COMMENTS

DEPTH OF CASING,
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

5J-/
r/u

6-V-7-7

ST-3 3-y-r-t

3

\ ti-oti
w-y

7-IJ-/3.-/0
70

TZ>

SJ-8 /3

/tf

ss-f

x
(CL)

SS-/I

St-fl

-2V

W-/3
(CL)

-2*L
UAr&e Ar /o.o' ~.

'

170

A»JO IfT"

UJfTH

6ir

REV 11/82 FORM 01586
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PROJECT NUMBER BORING NUMBER

££C, ~~*/C, SHEET *2. OF (*

SOIL BORING LOG

PROJECT LOCATION

ELEVATION HP^ CfSL DRILLING CONTRACTOR , CO.

DRILLING METHOD AND cnmPuPMT

WATER LEVEL AND DATE

T7PAlt.&? #fG- 3 %" £o(.L££ 6lT UlTH 6£jT*/f7£

START 6/V/3.5 PINISH . ^r.r.Cn X

REV 11/82 FORM 01586



PROJECT NUMBER BORING NUMBER

SHEET OF

SOIL BORING LOG

PROJECT LOCATION

ELEVATION

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE ___—_——

DRILLING CONTRACTOR MArFCO DA/tU^G- CO

1/6. &)Ta/g./ uJfr// &£fJr&J\T£ /XUQ
START F.NISH

SAMPLE

A
N ER ER

Y
R

E
STANDARD

'ENETRAT1ON
TEST

RESULTS

As*

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL SY

M
LO

O

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

(f/.O

><

-O • -'

70- X /o"
70, f

8"

78-

00-

c X
5/Lr WAY^ T»

88-

c^e-SSo Gtc-
7<?.r'

\

REV 11/62 FORM 01566



MHILL
PROJECT NUMBER BORING NUMBER

SHEET / OF Cy

SOIL BORING LOG

PROJECT LOCATION

ELEVATION DRILLING CONTRACTOR T)£lLUfJ6- CO.

DRILLING METHOD AND ̂ ...PUCMT

WATER LEVEL AND DATE

^.MP £$O Afc- bJ/Tfr tff*J7Z)Aj/r£ M U0

START PINISH G,3.I/Q?> . ̂ .ca g . A/. ̂

£2*
£23

SAMPLC

ER
V

TY
PE

 A
N

D
N

U
M

B
ER

STANDARD
ENETRATION

TMT
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL

o

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

92-

tr-

ue,-

98-

X

/m SOO.O

X
/<*:»

J(0 /of.9

//JL.

X

-ro

(ML)
•&S

I ••'.-..
":̂r

A.

/

i

REV 11/82 FORMDISae



CH2M::HILL
PROJECT NUMBER

OJbS'ZSO. C3
BORING NUMBER

Zee -</£• SHEET -> OF c,
SOIL BORING LOG

PROJECT LOCATION

ELEVATION . DRILLING CONTRACTOR X47gTQ Dgia./A>g-

DR.LL.NG METHOD AND ̂ ...o r̂

WATER LEVEL AND DATE

M UP

START CfW/B RNISH . or.r.cp 8,A/.

D
EP

TH
B

EL
O

W
SU

R
FA

C
E

SAMPLE

ER
VA

TY
PE

 A
N

N
U

M
B

ER

RY
RE

STANDARD
PENETRATION

TEST
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL SY

M
B

LO
O

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

rr
//tf Sfirf Five.

Atf-
/Jtf Xl

L
IMS'

/Jo

/3o.o'

SfiTY

/ft-

X SS-J6. /B

O-
m-

/vt X #-37 17"

\

]

1
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CH2M
B HILL

PROJECT NUMBER BORING NUMBER

&ZC— */£- SHEET (0 OF C?

SOIL BORING LOG

PROJECT . LOCATION

ELEVATION DRILLING CONTRACTOR O4/U./AS&-

DRILLING METHOD AND EQUIPMENT Mao
WATER LEVEL AND DATE START PINISH ,nr.r.CQ

SS

SAMPLE

ER
VA

TY
PE

 A
N

D
N

U
M

B
ER

R
EC

O
VE

R
Y

STANDARD
ENETRATION

TEST
RESULTS

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL SY

M
B

LO
O

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

/y/?r
X
/5&.9

Iffif

-r i-

X
70

5

_c
/&>•

Mo
^ /o"
/6/.9 79

MA.

c
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CH2Ma HILL
-

PROJECT NUMBER

OJbfttO. C3
BORING NUMBER

£CC-£~/l SHEET / OF 2.

SOIL BORING LOG

PROJECT £CC #&*£&/#£. /*/(/£?r/6-Ar/o/J
<SQT1O _ _ _ _ _ _ _

. LOCATION

ELEVATION

DRILLING METHOD AND »~n .̂»r ^X/̂ F ^^23 /^/^-. J

WATER LEVEL AND DATE &• ° ' ' *>A-*/8 3 START 6/ty/g&

SOIL DESCRIPTION

REV 11/83 FORM 01586



PROJECT NUMBER BORING NUMBER

SHEET OF

SOIL BORING LOG

PROJECT "o/v/ . LOCATION

ELEVATION DRILLING CONTRACTOR MATSC.G D£tUJAJ<S- CO.

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL A N D " A T C — — START FINISH &**// 8$ r.r.ea 3j(J.

E
LE

V
A

TI
O

N

HI

?§2a. j«
SS3

lo-

33.-

SAMPLE

IN
TE

R
V

A
L

#.r

X*f.r

TY
P

E
 A

N
D

N
U

M
BE

R

X'C.

R
EC

O
VE

R
Y

&

STANDARD
peNrrwATiON

TtST
RESULTS

tr-tr-tr
(N)

l3-^o-37-3o

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT.RELATIVE DENSITY
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î ,̂  ^,r»-« , «~»'*

f^O f 4 IWwO t i t , J O *«' * f&****F ^"* ^ »W ^

———— 3^» gf |g»^-«| "7 —— 2̂ 1̂  ————
tf

S
Y

M
B

O
LI

C
LO

O

'/>

•i./
.• i

•/I''/-

* i

. • *

1 1 1//

-

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

j/t t f _ y *fiA/ii t c &• *c ' *•*<[

/
<7 "^

•

£i>B9'tf £\ r C^+.*t£

fjt t a v tf / ^r XD "it.7)

i • "

)

REV 11/92 FORM01SM



TECHNICAL MEMORANDUM
Subtask 3-1

Appendix C
MONITORING WELL CONSTRUCTION DETAILS

«T.T3 01/61-9



ECC-1A ECC-1C

.
r>

—— l\l\ ——

21.5--

23J'-

28.S'-

.£

MB

'-.
•••

•{

\

. .

I

p»

\
%

; /

-

•M
Ml

~

~.

^

|

|
>

!

^
"5>

?

^

^

^

•

F

^ .̂ 4" DIAMETER LOCKING
r-^^ PROTECTIVE STEEL CASING —— '

^^- CONCRETE SURFACE CAP ̂ ^

•=Z\$\-=.\\\\

^^- 6" DIAMETER BOREHOLE —— "^

F LOWI NG WE LL ^^*
PACKER ASSEMBLY —— — -— '^
(SEE FIGURE B-6I

•~ —— • CEMENT GROUT ——— —~~~~^

— ——— BENTONITE SEAL

-̂ 2" I.D. SCH. 40-0.020" SLOT
*^ PVC WELL SCREEN

^^ — SANOPACK

———— ̂ CAP

f^^- —— 4" DIAMETER BOREHOLE

X

w

7
1'

1

1v\
1

7;

1
v'

'/

7

1

V

I

JJ|

?

1
•^

/GROUND SURFACE

\IH~llll =E.

r 2" I.D. SCHEDULE 8
FLUSH THREADED

X

147.0"

155.6' ——

160.6'——
166.0'—'

171.0'-

• BENTONITE SEAL

NATURAL FILL

• 2M I.D. SCHEDULE 80 • 0.020"
SLOT PVC WELL SCREEN

CAP

<• SIZE CORE HOLE

NOTE: Figure not drawn to teal*

FIGURE B-1
MONITORING WELL CONSTRUCTION
ECC-1 CLUSTER .
TM3-1



ECC-2A ECC-2B ECC-2C

GROUND SURFACE

CEMENT GROUT --̂

BENTONITE SEAL

6" DIA
BOREHOLE

2" I.D. SCHEDULE 40 • 0.020"
SLOT PVC WELL SCREEN WITH
2" 1.0. SCHEDULE 40 PVC
FLUSH THREADED PIPE

FLOWING WELL
PACKER ASSEMBLY
(SEE FIGURE B-6) ̂

34.0'-

4" OIA
BOREHOLE

BENTONITE SEAL

NATURAL FILL

CAP

159.5'-
162.7<-

166.7'-

.4" DIAMETER LOCKING
PROTECTIVE STEEL CASING

• CEMENT GROUT

-6" DIA
BOREHOLE

2" I.D. SCH. 80 PVC
FLUSH THREADED PIPE

4" DIA
BOREHOLE

BENTONITE SEAL

NATURAL FILL

2" I.D. SCH. 80
0.020" SLOT
PVC WELL SCREEN

CAP

'NX' SIZE
CORE HOLE

NOTE: Figure not drmvn to toll

FIGURE B-2
MONITORING WELL CONSTRUCTION
ECC-2 CLUSTER
TM3-1



ECC-3A ECC-3C

4" DIAMETER LOCKING
PROTECTIVE STEEL CASING

SURFACE

DIAMETER BOREHOLE

CEMENT GROUT

BENTONITE SEAL

T I.D. SCHEDULE 40 PVC
FLUSH THREADED PIPE

NATURAL FILL

2" I.D. SCHEDULE 40 - 0.020"
SLOT P.VC WELL SCREEN

SPLIT SPOON HOLE

FLOWING WELL PACKER
ASSEMBLY (SEE FIGURE 8-6)

EMENT GROUT

2" I.D. SCHEDULE 80 PVC
FLUSH THREADED PIPE

BENTONITE SEAL

SAND PACK

2" 1.0. SCHEDULE 80 • 0.020"
SLOT PVC WELL SCREEN

NATURAL FILL

NOTE: Figure not drawn to *al«

FIGURE B-3
MONITORING WELL CONSTRUCTION
ECC-3 CLUSTER
TM3-1



ECC4A ECC-4C

ssllll-rslHl

,,_
9.0- —

14.01 —

.

/

••

/

\

^H

-

|.".̂ p-;

^

^

«*•

;l

ri

";>

^-4" DIAMETER LOCKING _
PROTECTIVE STEEL CASING — ••

^CONCRETE SURFACE CAP — N^

— tjil ^ff - — •)[ isr
^J" " ' ——

^^6" DIAMETER BOREHOLE —— «.

—-2" I.D. SCHEDULE 40 PVC
FLUSH THREADED PIPE

—— BENTONITE SEAL

L^r* 1.0. SCHEDULE 40 - 0.020"
[ SLOT PVC WELL SCREEN

L- NATURAL FILL

25.0- —

*
? ?^ xi

1

x

^
.>

I
J

GROUND SURFACE ^^
^y — — ——— — -, ————— - — -^ \ —————————
$
?

\
1̂

/
~S
S
^/y,ft
';
*A
*J
*J

HlissllllS-llllsr

- —— FLOWING WELL
PACKER ASSEMBLY
(SEE FIGURE B-6)

^- — CEMENT GROUT

^- — r* I.D. SCHEDULE 80 PVC
FLUSH THREADED PIPE

.,

y

i
148.0'-

4" DIAMETER BOREHOLE

BENTONITE SEAL

2" I.D. SCHEDULE 80 • 0.020"
SLOT PVC WELL SCREEN

SAND PACK

CAP

NATURAL FILL

•NX' SIZE CORE HOLE

NOTE: Figure not drawn to wait

FIGURE B-4
MONITORING WELL CONSTRUCTION
ECC-4 CLUSTER
TM3-1



ECC-BA

i
n

~NJs/l/ „•
••'f*

%

j

^m

'y

^^^

p
4*̂/ >,

. 4" DIAMETER LOCKING PROTECTIVE
STEEL CASING

. CONCRETE SURFACE CAP

. GROUND SURFACE

1S.(T-

i«.«r —
is-r —

a.r —

' r-.
' V
* » *
. €1<

»•

PV

i

--(5
• *^"

^

. 2" I.D. SCHEDULE 40 PVC
FLUSH THREADED PIPE

• CEMENT GROUT

• 6" OIA. BOREHOLE

BENTONITE SEAL

NATURAL FILL

2" 1.0. SCHEDULE 40-0.020"
SLOT PVC WELL SCREEN

•CAP

NOTE: Figure not drawn to «e«l»

FIGURE B-5
MONITORING WELL CONSTRUCTION
ECC-BA
TM3-1



ECC-6A ECC • 7A

n

ft

i
/

/
/
/

1

I
^

4" DIAMETER LOCKING
PROTECTIVE STEEL CASING

CONCRETE SURFACE CAP

15.0'

2" I.O. SCHEDULE 40 PVC
FLUSH THREADED PIPE

• CEMENT GROUT

6" DIAMETER BOREHOLE

28.5'

30.0*

BENTONITE SEAL

SAND PACK

CAP
22.0'

28.0'

29.5'

NOTE: Figure not to icalt.

FIGURE-B-6
MONITORING WELL CONSTRUCTION
ECC • 6A AND ECC • 7A
ECC SITE
TM3-1



TECHNICAL MEMORANDUM
Subtask 3-1

Appendix D
LABORATORY SOIL CLASSIFICATION TEST RESULTS

GLT301/61-8



_O

LABORATORY TESTING PROCEDURES x

Grain Size Testa

Grain size tests were performed to determine the particle size
and distribution of the samples tested. The grain size distribu-
tion of soils coarser than a No* 200 sieve was determined by pas-
sing the sample through a standard set of nested sieves. These
tests are similar to those described by ASTM D-421 and D-422. The
results are presented on the attached Grain Size Distribution
Sheets.

Moisture Content

The moisture content is the ratio expressed as a percentage of
the weight of water in a given mass of soil to the weight of the
solid particles. This test was conducted in accordance with ASTM
Designation D-2216-66. The results of these tests are presented
on the attached Summary of Laboratory Test Data.

Specific Gravity of Soil Solids
•

The specific gravity of soil solids is the ratio of the weight in
air of a given volume of soil particles to the weight in air of
an equal volume of water. This test was conducted on selected
soil samples in accordance with ASTM designation D-854-58. The
results of these tests are presented on the attached Summary of
Laboratory Data.

Atterberg Limits Testing

Representatiave samples of the soils were selected for Atterberg
Limits testing to determine the soil plasticity characteristics.
The soil's Plastic Index (PI) is representative of this charact-
eristic and is bracketed by the Liquid Limit (LL) and the Plastic
Limit (PL). The LL is the moisture content at which the soil
will flow as a heavy viscous fluid and is determined in accor-
dance with ASTM D-423. The PL is the moisture content at which
the soil begins to lose its plasticity and is determined in
accordance with ASTM D-424. The data obtained are presented on
the attached Summary of Laboratory Test Data and boring logs.



BORING LOG TERMINOLOGY

Permit Number:

Sample Type:

C Boring Method:

This mineral Well Permit Number is assigned to Materials
Testing Consultants, by the State of Michigan Department
of Natural Resources Geological Survey Division. Materials
Testing Consultants is obligated under the rules of the
Mineral Well Act to plug test borings in a specified manner.

"SBS" and "L" are the split barrel and liner samplers used
to recover soil samples in the ASTM D 1586 Standard Pene-
tration Test.

"S.T." refers to the thin-walled sampler (Shelby Tube)
used to recover relatively undistrubed soil samples in
the ASTM D 1587 method of sampling.

"A" refers to a distrubed auger sample.
"C" refers to a rock core sample obtained by Diamond Core
Drilling in accordance with ASTM D 2113.

"H.S.A." refer to the Hollow Stem Auger.

"S.S.A." refers to the Solid Stem Auger.

"W11 refers to the Wash Boring Method.

"R" refers to the Rotary Method.

"C" refers to the Casing Method.

Depth of water is measured from the. top of ground to top
of water level. Initial depth indicates water encountered
during boring, completion depth indicates water level
immediately after boring, and depth after "X" number hours
indicates water level after a time period.

Water'observations in pervious soils are considered re-
liable groundwater levels for that date. Water observa-
tions in impervious soils may not be accurate groundwater,
measurements unless records are made over several days' '
time. The groundwater level will fluctuate for both per-
vious and impervious soils.

Soils Description: Visual classification of major soil constituents.

Water Observations;



II

Color:

Size:

C

Minor Component
Quantifying Term:

C

Layer or Stratum:

Lenses:

Seams:

When the color of the soil Is uniform throughout, a
single color such as brown, gray or black will be used,
modified by adjective such as light and dark. If the
soil's predominant color is shaded by a secondary color,
the secondary color precedes the primary color, such
as: gray-brown, yellow-brown. If two major and dis-
tinct colors are swirled throughout the soil, the colors
will be described by the term mottled, such as: Mottled
brown and gray.

Soil Components

Boulders

Cobbles

Gravel—Coarse
—Fine

Sand —Coarse
—Medium
—Fine

Silt

Clay

Trace 1-10*

Little 10-20*

Some 20-35*

Size

Larger than 8"

8" to 3"

3" to 3/4"
2 mm. to 3/4"

2 mm. to 0.6 mm.
0.6 mm.-0.2 mm.
0.2 mm.-0.06 mm.

0.06 mm.-0.002 mm.

0.002 mm and smaller

(Percentages are
estimates unless
a sieve analysis
is performed

And 35-50*

Soil mass which can be characterized, for engineering
purposes, by a single set of strength and classifica-
tion parameters.
Lenses of soil occur within a soil layer and range in
thickness from a fraction of an Inch to approximately
one (1) foot thick.
Planer opening in a soil layer filled with soils of
different characteristics. Soil seams are usually a
fraction of an inch thick and may occur in various
directions.



Ill

Density:
Granular Soils (Cohesionless)

C

Number of Blows

0-4

5-10

11-30

31-50

above 50

Consistency:
Cohesive Soils

Number of Blows

0-2

3-4

5-8

9-16

17-32

above 32

Relative Density

0-20X

20-40X

40-70%

70-90X

90-100*

Approximate
Shear Strength

in K.S.F.

0.25

.0.25-0.5

0.5-1

1-2

2-4

above 4

Compactness

Very Loose

Loose

Medium Dense

Dense
Very Dense

Cohesion

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Grading:

N.P.M.:

N.D.:

S.S.:

Classification
Data:

When Soil characteristics vary gradually with depth
within the same soil stratum, the variation is described
by using the term "grading".

Natural Percent Moisture of in situ soil sample.

Natural Density of in situ soil sample in p.c.f.

Shear Stength of cohesive soil samples as determined
by the Unconfined Compression Tests in K.S.F.

Laboratory data to assist in classification of soils
and classification of soil characteristics, ie: Plastic
Limit, Liquid Limit.



\
MATERIALS TESTING CONSULTANTS INC.

UNIFIED SOIL CLASSIFICATION SYSTEM

_c

MAJOR DIVISIONS

COARSE

G R A I N E D
SOILS

MOHC THAN !•%

Or MATCWIAU
IS I.AHCCH
THAN NO. 1OS
SICVC SIZE

FINE
CHAINED

SOILS

MOHC TMAM !•%
Or MATIMIAk.
IB SMALL!*
THAN NO. >••
IICVC SIZK

GRAVEL
AND GRAVELLY
SOILS

MONK TMAM ••%
OF COAHSC
FRACTION
RCTAINCO OM
NO. 4 sieve

SANO AND
SANDY
SOILS

MO WC TMAM ••%
or COAMSB
FRACTION
PAMINq
NO. 4 SICVK

CLCAN CMAWCLS
(L1TTUC OH NO
FINCSI

tLS WITM
FIHC1 (APPHC-

CIABLC AMT.

OF FIMCSI

CLBAM SANO
ILITTLC OH NO
FINCSI

SAM OS WITM FINCS
|API>HCCIA>t.K

AMT. OF FINCSI

SILTS
ANO

CLAYS

tlQOlO LIMIT
LCSSTMAN ••

SILTS

AND
CLAYS

CIOUIO UMIT
TMAM M

HIOHLY ORGANIC SOILS

GW

GP

GM

GC

SW

SM

sc

ML

CL

OL

MH

CH

OH

TYPICAL DESCRIPTIONS

W«hi-G«*«a« G««v«ta. <S**v«k-S»««

*9**\.*-Gmmmmm G«*w«h», G«*««k-SA««

Si^TV G»«v«ia. GA««Bt.-S*»tt*-4tkT

c>..»«» G-.••>.>. <:•»»«>. s<>«<;^<.

w«,.,.-a..... i..... a».»«».' ».-...

J.«.rr !..».. s«»«'Si«.r M..TVX.

CU>T«V **».. S«M-C>...« Mi»n.a>(

H»c« Fvcva. «.i.r» .. Ci
• • Ck«*«« Sl^V» WITH Skt«»* Fb««T1CI'

!»•••••«« S*fcT«. MlC*C**M« ••
Ot*T«««*«««w« Fi«« S««* •• Surv f«

O««A»t« Cb**« •* M«»twM T* M|«M

F«*T. MW«BW«. 9m»m» S«*vs W*TM

PLASTICITY CHART

FOR LABORATORY

CLASSIFICATION OF

FINK GRAINED SOILS

•0

90

40

t5

5"
to

Cl.

CM

71
MM k OM

10 20 JO 40 90 SO 70 SO fO 100
LIQUID LIMIT



O
I
o

SUMMARY OF LABORATORY TEST DATA

Boring
Number

1A

U

1A

1A

U

1A

1C

1C

1C

1C

Sample
Depth

2-4'

4-6'

14-16'

18-20'

28-30'

34fc-36'

23%-25'

29%-31'

34%- 36'

39%-41'

Sample
Type"

SS
2

SS
3

SS
8

SS
10

SS
12

SS
13
SS
1

SS
2

SS
3

SS
4

Sample Description
and

USCS Classification

gray silty clay
(CD

gray clay with
r-c sand and f
gravel (CL)

gray silty clay
(CL-ML)

gray silty clay
(CL-ML)

brown & gray
mottled silty •
r"|«y (n.-MI^
gray clay with f
to c sand and f
gravel (CL)
gray fine to
c sand with some
f gravel (SW)
gray fine sand
with some silt

(SM)
gray silty clay
with f-c sand
& f gravel (CL-ML
gray clay with
f-c sand & f
gravel (CL)

Unit Weight
pcf

Wet Dry

Uncon fined
Compress ive

Strength
KSF

Percent
Finer

No. 200
Sieve

58.8

i

56.6

6.0

34.6

65.5

Specific
Gravity

2.68

2.68

2.670

2.70

Natural
Moisture
Content

11.4

9.4

5.3

-,7.o

5.7

Atterberg Limi ts

L.L.

20.9

16.9

15.0

18.0

22.6

P.L.

13.5

11.4

10.8

12.5

18.3

P.I .

7.4

5.5

4.2

5.5

4.3

MTCI
Sample
Nuiiber

92921

92899

92922

92923

92924

92900

92901

92902

92925

92903

>

*

*

*

*

*

Graphic Presentations of Results of Trlaxlal, Consolidation,
CBR. Proctor. Grain Size, and other tests follow this sumary

SS • Split Spoon Simple (ASfM 0 1586)
UO • Undisturbed Sample (ASTH D 1587)

CHatorlals ciZ?a8tlng GBonsultama..

JOB NUMBER' 162G

PAGE_1__OF 6
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SUMMARY OF LABORATORY TEST DATA

Boring
Humber

1C

1C

1C

1C

1C

1C

2C

2C

2C

2C

Sanple
Depth

54fc-56'

64%-65V

74%-76'

79%-8<V

L39%-141'

L54%-156'

4-6'

12-14'

16-18'

20-22'

Sample
Type"

<?<;DO
7

*?Roo
10

<v<?DD
12

SS
13

<?<?DO

25

SS
28

SS
3

SS
7

<v<?DO

9
<?<?»JO

11

Sample Description
and

USCS Classification

brown & gray
mottled clay

(CL)
gray silty clay
with seme f-c
sand (CL)
brown silt with
f-c sand & f
gravel (ML)
brown siitr witi
f-c sand and f
gravel (ML)
blue gray
silty clay

(CL)
gray silty f-c
sand with some
f gravel (SM-SW)
gray silty clay
with some fine
gravel (CL-ML)
gray silty clay
(CL-ML)

gray f-c sand
(SP)

gray f-c sand
with some fine
gravel (SW)

Unit Height
pcf

Wet Dry

Uncon fined
C oppressive

Strength
KSF

Percent
Finer

No. 200
.Sieve

58.3

11.5

5.8

4.9

Specific
Gravity

2.68

Natural
Moisture
Content

^0.5

5.9

6.0

15.2

7.5

7.8

Atterberg Limits

L.L .

40.fi

16.2

15.6

47.5

17.7

16.3

P.L.

21.9

11.8

11.9

19.4

11.3

10.9

P. I .

18.9

4.4

3.7

28.1

6.4

5.4

MTCI
Sample
Nunber

92926

92927

92904

92928

92929

92905

92930

92931

92906

92907

*

*

1;

*

• Graphic Presentations of Results of Trlaxlal. Consolidation.
CBR. Proctor, Grain Size, and other tests follow this summary

•• SS - Split Spoon Sample (ASTH 0 1S86)
UO • Undisturbed Sample (ASTH 0 1587)

CHaiortals cuPaBtlng ©onauliama,..

JOB NUMBER' 162G

PAGE_2 __ OF __ 6
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SUMMARY OF LABORATORY TEST DATA

Dor I no
Number

2C

2C

2C

2C

2C

2C

2C

2C

2C

3A

Staple
Depth

26-28'

32-34'

44Jj-46'

49Jj-51 •

79JJ-80V

99>s-100V

119*3-121'

144^-146'

1494-151'

2-4'

Sample
Type"

SS
14

SS
17

SS
20

SS
21

SS
27

SS
31

SS
35

SS
40

SS
41

SS
2

SMpU Description
and

USCS Classification

gray f-c sand
with sane f
gravel (SW)
gray f-c sand
with sane silt
(SH)
gray clay with
sane f-c sand
(CL)
gray clay with
sane f-c sand
(CL)
gray clayey silt
(CL-ML) •

brown f-c sand
with little
gravel (SP-SM)
gray silty clay
(CL)

gray clay with
some f-c sand
(ML-CL)
gray f-m sand
with limestone (
chips & little s
brown clay fill

(CL)

Unit Weight
Pcf

Hat

W)
It

Dry

Uncon fined
Compress Ive

Strength
KSF

Percent
Finer

No. 200
Sieve

2.3

33.9

67.6

10.0

13.9

Specific
Gravity

2.699

Natural
Moisture
Content

2.9

8.0

,10.5

15.8

12.7

Atterberg Halts

L.L.

23.9

19.5

22.2

21.1

26.4

P.L.

12.5

13.1

14.7

14.3

16.5

P.I .

11.4

6.4

7.5

6.8

9.9

MTCI
Sample
Number

92965

92908

92932

92909

92933

92910

92934

92935

92911

92936

*

*

*

*

•*

Griphic Presentations of Results of Trlaxlal, Consolidation.
CBR. Proctor. Grain Size, and other tests follow this sunnary

SS • Split Spoon Sample (ASTH D 1586)
UO - Undisturbed Sample (ASTH 0 1587)

CGatartals ©onsultanta

JOB NUMBER; 162G
PAGE 3 OF 6



o o
SUMMARY OF LABORATORY TEST DATA

Boring
NuMber

3A

3A

3A

3C

3C

3C

3C

3C

4C

4G

Simple
Depth

8-10'

14-16'

18-20'

341 -̂36 '

64»j-66'

104»i-106'

129J5-131'

139 -̂141'

6-8'

8-10'

Staple
Type"

SS
5

SS
8

SS
10

SS
14

SS
20

SS
28

SS
33

SS
35

SS
4

SS
5

Sample Description
and

USCS Classification

brown f-c sand
with little
silt (SM-SW)
brown f-c sand
with little f-c
gravel & silt(SN
gray silty clay
with little f-c
sand (CL-ML)
gray silty -clay
(Cb-MU l-

gray silty clay
with sane f-c
sand & f gravel
gray clayey silt
with trace sand
(ML)
brown silty da}
(CL)

gray f-m sand
with little
silt (SM)
gray clayey silt
with little f-c
sand (ML)
gray f-c sand
with clay
(SC)

Unit Weight
pcf

W*t

)

CL-ML)

Dry

Unconfined
Conpre&sive

Strength
KSF

»

Percent
finer

No. 200
• Sieve

11.1

15.4

12.9

47.8

Specific
Gravity

2.702

Natural
Moisture
Content

9.9

10.6

,7.3

8.7

,13.7

11.4

10.1

Atterberg Limi t s

L .L .

17.6

21.1

19.8

17.0

35.1

16.5

P.L.

13.1

14.2

14.3

13.6

19.9

12.6

P . I .

4.5

6.9

5.5

3.4

17.2

3.9

MTCI
Sample
Nutter

92912

92913

92937

92938

92939

92940

92941

92914

93000

93001

*

*

*

*

• Graphic Presentations of Remits of Trtaxlal, Consolidation.
CBR. Proctor, Grain Size, and other tests follow this summary

•• SS • Split Spoon Sample (ASTM D 1S86)
UO • Undisturbed Sample (ASTM D 1587)

CDatorlala cL?e8ting GBan6Ultanta

JOB NUMBER' 162G

PAGE 4 _ OF __ 6
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SUMMARY OF LABORATORY TEST DATA

Boring
Number

4C

4C

4C

4C

4C

4C

4C

4C

4C

5A

Sample
Depth

12-14 '

18-19'

20-22 '

39*5-41'

54^-56 '

94*5-95.9

139*5-141 •

149 -̂150.

154*5-15515

4*5-6V

Sample
Type"

7

CO

10

ss
11
ss
16

SS
19

CO

27

SS
36

SS
•38

SS
39

CO

1

Sample Description
and

USCS Classification

gray f-c sand
with clay (SC)

gray silty clay
(CL)

gray clay with
f-c sand (CL)

gray clay with
f-c sand (CL)

greenish gray
clay (CL).

gray clayey silt
(ML)

brown silty clay
with f-c sand

gray fine sand
with little
silt (SM)
gray f-c sand
with little
silt (SM)
brown & gray
mottled silty
clay w/tr gravel

Unit Weight
PCf

Net

(CL-ML

Dry

Unconfirmed
Compress ive

Strength
KSF

Percent
Finer

No. 200
Steve

39.4

I

53.0

13.1

12.7

Specific
Gravity

2.728

2.734

Natural
Moisture
Content

4.8

7.6

3.1

9.9

19.9

9.4

8.2

.7.8

Atterberg Limits

L.L .

19.1

21.8

38.0

18.2

37.6

19.4

P.L.

11.9

12.8

17.6

14.6

16.1

14.2

P. I .

7.2

9.0

10.4

3.6

21.5

5.2

mnvT

Sample
Nurber

93002

93003

93004

93005

93006

92942

92943

92915

92916

92944

*

*

*

*

• Graphic Presentations of Results of Trlaxlal. Consolidation.
C6R. Proctor. Crain Sl/e, and other tests follow this summary

•• SS • Split Spoon Sample (ASTM D 1586)
UO » Undisturbed Sample (ASTM 0 1587)

DHaiertals ^Pasting î onsuitanta,«
»ln»MautHnf.. •••Manual*, wen «•••• • »•«»••• «l»»»t4»

JOB NUMBER! 162G

PAGE 5 QF__6
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SUMMARY OF LABORATORY TEST DATA

boring
Number

5A

5A

5A

5A

Sample
Depth

9Ji-llV

19lj-20V

294-31V

29 -̂314

Sample
Type"

SS
2

SS
4

SS
6

SS
7

Sample Description
and

USCS Classification

gray f-c sand
with silt

fsMl
gray f-c sand
with little f
gravel (SW)
gray f-c sand
with trace grave
and silt (SW)
gray fine sand
with sane silt
(SM)

•

•

Unit Weight
pcf

Wet Dry

Uncon fined
Compressive

Strength
KSF

Percent
Finer

No. 200
Steve

43.6

2.8

5.9

26.7

Specific
Gravity

2.716

Natural
Moisture
Content

/

Atterberg Limits

L.L. P.L. P.I.

MTCI
Sample
Nuntoer

92917

92918

92919

92920

*

*

*

*

Graphic Presentations of Results of Trlaxlal, Consolidation.
CBR. Proctor. Gnln Size, and other tests follow this sumary

SS • Split Spoon Simple (ASTH 0 1SB6)
UO • Undisturbed Sample (ASTH 0 1587)

D3aterlals

JOB NUMBER'

GBonBulianta,.

162G

PAGE 6 OF
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CKMHILL
MEMORANDUM

TO: File

DATE: May 31, 1985

RE: ECC Site Remedial Investigation
Groundwater Sampling Program
Subtask 3-2

PROJECT: W65230.C3

INTRODUCTION

A three-phase groundwater sampling program was conducted
during 1983 and 1984 at the Environmental Chemical and Con-
servation Corporation (ECC) site near Zionsville, Indiana.
Phase I of the groundwater sampling program was conducted on
July 18 and 19, 1983. Phase II of the groundwater sampling
program was conducted on November 29 and 30, 1983. Phase III
of the groundwater sampling program was conducted on Decem-
ber 13 and 14, 1984. Sampling was performed by personnel
from CH2M HILL, with support from Kumar Malhotra and Assoc-
iates (KMA) during Phase II. This work was performed in
partial satisfaction of Contract No. 68-01-6692, Work Assign-
ment No. 18.5L30.0, Subtask 3-2.

PURPOSE

The overall objectives of the groundwater sampling program
at the ECC site were to:

o Acquire data that will assist the project team in
identifying hazardous substances present at the
ECC site.

o Define spacial and temporal groundwater contamina-
tion.

The information gathered in the groundwater sampling program
will be used in the development of appropriate remedial
action alternatives for the ECC site.

SCOPE

The scope of the Phase I groundwater sampling effort at the
ECC site included the following:

o Twelve groundwater monitoring well samples
o Two groundwater duplicate samples
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o One groundwater field blank

During the first phase sampling efforts, only nine wells
were sampled. One well was not sampled because of oil con-
tamination at the water surface. Two onsite monitoring wells
were found to be covered with concrete and were inaccessible.

The scope of the Phase II groundwater sampling effort
included the following:

o Thirteen groundwater monitoring well samples
o Two groundwater duplicate samples
o One groundwater field blank

During the second phase sampling effort, only 11 wells were
sampled. The samples wells included the nine wells sampled
in Phase I and two newly installed wells. The well found to
be contaminated during the first phase sampling effort was
not included in the scope of work for Phase II groundwater
sampling. The two onsite monitoring wells were again inacces-
sible.

The scope of the Phase III groundwater sampling effort
included the following:

o Ten groundwater monitoring well samples,

o One groundwater duplicate sample,

o One groundwater field blank.

During the third phase sampling effort, only the wells in
the shallow aquifer were sampled. This included the six
shallow wells sampled in Phase II and four wells installed
in October and November 1984. Due to the slow recharge to
the wells, only organic samples were obtained from ECC-9A
and ECC-11A.

PERSONNEL

The sampling team during the Phase I sampling effort consis-
ted of personnel from CH2M HILL. The sampling team leader
was Dennis Totzke. He was assisted by Jerry Bills, Tom



MEMORANDUM
Page 3
May 31, 1985
W65230.C3

Gilgenbach and Ike Johnson. Paperwork was maintained by
Linda Klann and Shawn Breitenfeldt.

The sampling team during the Phase II sampling effort
included personnel from CH2M HILL and KMA. The sampling
team leader was Phil Smith from CH2M HILL. He was assisted
by Mike Schuetz of CH2M HILL and Charles Brunett and Bob
Teerman of KMA. Paperwork was maintained by Phil Smith.

The sampling team during the Phase III sampling effort con-
sisted of personnel from CH2M HILL. The sampling team
leader was Mark Lepkowski. He was assisted by Randy
Weltzin, Megan Morrison and Jeff Keiser. Paperwork was
maintained by Mark Lepkowski and Megan Morrison.

GROUNDWATER SAMPLING PROCEDURE

MONITORING WELL SELECTION

The monitoring wells sampled during this effort were selected
by CH2M HILL and were revised by the U.S. EPA and Indiana
State Board of Health (ISBH). Seven of the offsite wells
were installed in June 1983 by Mateco Drilling Co. The five
remaining offsite wells were installed in September 1983 and
November 1984 by ATEC Associates, Inc. Two onsite wells,
MW1A and MW2A, were installed in November 1975 by the Ottin-
ger Drilling Co. Monitoring well ECC-8A was installed in
October 1984 by ATEC Associates.

Monitoring wells installed by Mateco Drilling and ATEC were
2-inch diameter wells constructed with PVC piping. The two
monitoring wells installed by Ottinger Drilling were 4-inch
diameter wells, which were originally developed as industrial
supply wells. Well logs were available for all wells before
they were sampled.

The locations of all monitoring wells are shown in Figure 1,
their description is given in Table 1.

MONITORING WELL SAMPLING

General Well Sampling Strategy

The general well sampling strategy was to obtain a represen-
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Table 1
GROUNDWATER WELL DESCRIPTIONS

ECC SITE

Well Number Description

ECC-1C
ECC-2A
ECC-2B
ECC-2C
ECC-3A
ECC-3C
ECC-4A
ECC-4C
ECC-SA
ECC-6A
ECC-7A
ECC-BR.
ECC-9A

^

X

ECC-10A7

ECC-11A 7

MW-1A
MW-2A

Shallow monitoring well
Deep monitoring well
Shallow monitoring well
Intermediate monitoring well
Deep monitoring well
Shallow monitoring well
Deep monitoring well
Shallow monitoring well
Deep monitoring well
Shallow monitoring well
Shallow monitoring well
Shallow monitoring well
Shallow monitoring well
Shallow monitoring well
Shallow monitoring well
Shallow monitoring well
Existing onsite monitoring well
Existing onsite monitoring well

Date of Construction

06/02/83
06/08/83

06/17/83
06/14/83
06/24/83

06/21/83
06/24/83
09/01/83
09/01/83
10/26/84
10/31/84
11/02/84
11/05/84

GLT360/13



Table 1
PHASE 1 - SAMPLE IDENTIFICATION MATRIX SOIL SAMPLES

ECC SITE (Subtask 3-4)

Sample
Number

AA

AC

AE

AG

AI

AK

AL

AO-SE

AP-SE

N of P

N of PD

AM-SW

AN-0-6

AE-AH-0-6

AE-AG-0-6

B6-0-6

D7-18-20

Date
Sampled

5/8/84

5/8/84

5/8/84

5/8/84

5/8/84

5/8/84

5/8/84

5/8/84

5/8/84

5/9/84

5/9/84

5/9/84

5/9/84

5/9/84

5/9/84

5/8/84

5/8/84

Date
Shipped

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

5/16/84

Laboratory
Service

Science

Science

Science

Science

Science

Science

Science

Science

Science

Science

Science

Science

Science

Science

Science

Science

Science

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Applications,

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Inc.

Airbill
Number

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

411093981

OTR

E-7244

E-7245

E-7246

E-7247

E-7248

E-7249

E-7250

E-7251

E-7252

E-7253

E-7254

E-7255

E-7256

E-7257

E-7258

E-7259

E-7260

Chain of
Custody

5-4044

5-4044

5-4043

5-4043

5-4043

5-4043

5-4043

5-4043

5-4043

5-4041

5-4041

5-4041

5-4041

5-4041

5-4041

5-4042

5-4042

CLT360/38
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tative sample of the local groundwater while minimizing con-
tamination of both the monitoring well and the sample.

Where well sampling equipment was required, the order of
well sampling was based upon sampling those wells suspected
to be the least contaminated first and moving progressively
toward those suspected to be most contaminated.

Well Sampling Equipment

Two types of sampling equipment were used to sample the shal-
low aquifer wells. A stainless steel submersible pump
(Johnson-Keck Model SP-81) was used to purge and pump out
all samples except volatile organic samples. A 2-inch stain-
less steel bailer was used to obtain samples for volatile
organics analysis.

No sampling equipment was required for the intermediate and
deep monitoring wells, which were flowing artesian wells.
Water Surface and Head Measurements

Before purging the shallow monitoring wells, the location of
the groundwater surface was measured. The surface water
level was measured with a battery powered water surface level
indicator. All measurements were made from the top of the
well casing.

Before sampling the intermediate and deep monitoring wells
(all artesian), the potentiometric surface was measured by
attaching 5-foot lengths of 1-1/4-inch diameter PVC exten-
sions on top of the well casing and measuring the height of
the water column upon reaching equilibrium.

Well Purging

Each monitoring well was purged before taking the groundwater
sample. The volume of water in each well was calculated
based on the total depth of the well and the depth to water
surface in the well. The required purge water volume was
then set at five times the well water volume.

The routine for well purging with the submersible pump (shal-
low wells) was based on the constraints of the pump itself.
The submersible pump has a normal duty cycle of 15 minutes
and an approximate discharge flow rate of 1.0 gpm. After
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15 minutes of operation, the pump must be idle for a minimum
of 5 minutes for motor cooling. The pump was operated
through several duty cycles until the required purge water
volume was removed.

During well purging, the pump was periodically moved within
the water column from top to bottom to distribute the source
of purge suction.

Purge waters from the shallow wells were collected in 55-
gallon drums. At the direction of the onscene coordinator
(OSC), the drum contents were disposed of in the lagoon on
the ECC site by the drum removal contractor, Chem-Waste Man-
agement, Inc.

No equipment was required to purge the flowing artesian
(intermediate and deep) wells. Water flowing from these
monitoring wells was not collected.

Well Sampling

In the Phase II and Phase III sampling efforts, field measure-
ment of temperature, conductivity, and pH were performed
before sampling. The results of these field measurements
are presented in Tables 2 and 3.

Shallow monitoring wells were sampled with the submersible
pump. At these wells, the submersible pump was used to take
the samples for base/neutral, acid, and pesticide/PCB organ-
ics, metals, and cyanide. Samples were collected by filling
the sample bottles directly from the sampling pump discharge
line or the bailer. Samples for volatile organic analysis
were taken with the stainless steel bailer at shallow moni-
toring wells.

All samples from deep and intermediate wells were collected
directly from the flow at the well head.

All sample fractions for metal analysis were filtered through
a 0.45u filter before preservation. Sample fractions for
metals were preserved with nitric acid and fractions for
cyanide were preserved with sodium hydroxide.
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TO: File

DATE: May 31, 1985

RE: ECC Site Remedial Investigation
Soil Investigation
RI/FS
Subtask 3-4

PROJECT: W65230.C3

INTRODUCTION

Soil sampling was performed from May 7 through May 9, 1984
and October 22 through October 26, 1984 at the ECC site near
Zionsville, Indiana. Sampling was performed by personnel
from CH2M HILL with support from Ecology & Environment, Inc.,
during the May sampling effort. This work was performed in
partial satisfaction of Contract No. 68-01-6692, Work Assign-
ment No. 18.5L30.0, Subtask 3-4.

PURPOSE

The purpose of the soil investigation was to collect data on
the depth, areal extent and concentrations of hazardous con-
stituents at potential contaminant source areas on the ECC
site. An additional objective was to evaluate the dikes and
embankments as possible sources of uncontaminated soil that
could be used as cover material for potential remedial actions,

SCOPE

The final scope of the initial soil sampling effort at the
ECC site included:

o Fifty-eight soil samples collected from hand auger
borings and at surface locations.

o Fifty-seven soil samples qualitatively analyzed
for total volatile organics in the field office
trailer using an OVA.

o Seventeen soil samples sent to the CLP for com-
plete inorganic and organic analysis.
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o Twenty soil samples stored for possible future CLP
analysis, geotechnical analysis or responsible
party analysis.

The scope of the second sampling effort included:

o Seventy-seven soil samples collected from nine
soil borings.

o Forty-three soil samples collected from 12 test
pits located throughout the site.

o One hundred-two soil samples qualitatively analyzed
for total volatile organics in the office using an
OVA (eight samples could not be analyzed because
the identification washed off).

o Thirty-eight soil samples sent to the CLP for com-
plete organic and inorganic analysis.

o Twenty-seven soil samples stored for possible future
CLP analysis, geotechnical analysis, or responsible
party analysis.

SAMPLING LOCATION SELECTION

Soil boring samples for the initial soil sampling effort
were obtained for contaminant testing from 15 boring locations
shown in Figure 1. Locations were chosen based on a 25-foot
square grid spacing covering the north drum disposal area
and the area between the cooling water pond and the concrete
(south) pad. Additional borings were completed along the
south dike of the site. Eighteen surficial soil samples
were collected at 50-foot intervals along the embankment on
the north and west side of the site and in the polymer pit.

Soil samples were obtained in October from the nine boring
and 12 test pit locations shown in Figure 2. The ECC site
was divided into a number of areas, each containing a speci-
fied number of test pit locations, where wastes were known
to have been stored, spilled, or mixed in shallow pits.
Fewer test pits were placed in areas not suspected of contain-
ing significant contamination.
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INITIAL SAMPLING EFFORT

PERSONNEL

The sampling team consisted of personnel from CH2M HILL and
Ecology and Environment, Inc. Sampling team members were:

o Dennis Totzke - Project Manager
o Isaac Johnson - Geotechnical Engineer
o Brad Berggren - Geotechnical Engineer
o Randy Weltzin - Surveyor
o Mark Lepkowski - Sampling Technician
o Pete Gorton - E&E, Site Safety Coordinator
o Russel Short - E&E, OVA Operator

SOIL SAMPLING

The soil sampling was performed from May 7 through May 9,
1984. Weather conditions during the period consisted of
clear to overcast skies, temperatures in the 50° to 70°F.
range and relatively strong (approximately 20 mph) winds
from the west.

Soil borings were made at 15 locations and surficial samples
were collected at 20 locations. Borings were not advanced
more than 2-1/2 feet below ground surface because of rocks
and other debris. Surficial samples were generally no deeper
than 6 to 8 inches below ground surface.

Soil samples were collected using 2-inch diameter steel hand
augers or stainless steel shovels. Each soil sample was
logged and classified by a geotechnical engineer. As part
of the sampling procedure, all samples were screened in the
field using an organic vapor analyzer (OVA). Samples were
also classified in the field as being low or medium concen-
tration. Low concentration samples appeared to be uncontami-
nated and did not register on the OVA. Medium concentration
samples appeared discolored or stained and had OVA readings
above background. Soil samples intended for CLP analysis
were placed in two 40-ml volatile organic analysis (VOA)
jars and one 8-oz glass jar. An additional 40 ml VOA jar
was collected for field laboratory screening with an OVA.
Samples were shipped to Science Applications, Inc., on May 16,
1984 for organic analysis (Table 1).
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PERSONNEL

Surface water and sediment samples were collected by Jerry
Bills and Dennis Totzke of CH2M HILL. Paperwork was main-
tained by Lin Klann and Shawn Breitenfeldt of CH2M HILL.

SURFACE WATER SAMPLING

SAMPLING LOCATION SELECTION

The sampling location selection strategy was to select sampling
locations in areas of probable contamination that would help
identify the extent of offsite migration of contaminants.
The final selection of sampling points was made by CH2M HILL
and reviewed by the U.S. EPA and the ISBH.

The work plan for the ECC site recommended that surface water
samples be collected in four locations. Four locations were
selected for surface water sampling. These locations are
identified in Figure 1.

SAMPLE COLLECTION

Surface water samples were collected at mid-depth of the
stream with 4-liter stainless steel dippers. A different
stainless steel dipper was used to collect each sample.

The blank sample (ECC-SW-BK1-001) was prepared by pouring
distilled, deionized water into the sample collection equip-
ment and then into the appropriate sample bottles. The blank
water was obtained from the ISBH in Indianapolis.

SAMPLING EFFORT

Five surface water samples were collected from four offsite
locations and one blank sample was prepared on July 18, 1983.
Samples were packed in accordance with U.S. EPA Contract
Laboratory Program (CLP) protocol. The samples were shipped
via Federal Express to the assigned CLP labs on the day of
sampling. Samples for Tasks 1 and 2 inorganic and Task 3
cyanide analyses were shipped to JTC Environmental Consul-
tants, Inc. in Rockville, Maryland. Samples for organic
analyses were shipped to Mead Compu/Chem in Research Triangle
Park, North Carolina.

A summary of the sample tracking documentation is given in
Table 1. The assigned case number was 1838.
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Table 1
SAMPLE DOCUMENTATION 8DHMARY

SURFACE HATER SAMPLING
EOC SITE (SUBTASK 3-3)

CASE NO. 1838

CH2M HILL
Saeple
Nrafcer

ECC-SH-001-001-2

ECC-SH-O02-001-2

ECC-SU-003-001-2

ECC-SH-004-001-2

ECC-SH-004 -002-2

BCC-SH-BK1-001

Date
Sailed

7/18/83

7/18/83

7/18/83

7/18/83

7/18/83

7/18/83

DaU
Shipped

7/18/83

7/18/83

7/18/83

7/18/83

7/18/83

7/18/83

Laboratory
Service

JTC
Mead Coepu/CheB

JTC
Mead Coapu/CtMB

JTC
Mead Coapu/CheB

JTC
Mead Coqpu/Chea

JTC
Mead Coipu/Che*

JTC
Mead Coapu/Cbea

Airbill
Miaber

322-856-730
322-856-715

322-856-730
322-856-715

322-856-730
322-856-715

322-856-730
322-856-715

322-856-730
322-856-715

322-856-730
322-856-715

ITJR

MS0277

MS0278

MS0279

MS0280

MS0281

MS0282

OTR

S2377

S2378

S2379

82380

S2381

S2382

Cbaln-of-
Custody

5-8902
5-8906

5-8902
5-8906

5-8902
5-8907

5-8903
5-8907

5-8903
5-8907

5-8903
5-8907

OTR « Organic Traffic Report
JTR - Inorganic Traffic Report

GLT360/17
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ANALYTICAL RESULTS

Inorganic analytical results for surface water samples are
presented in Table 2. Quality assurance (QA) data indicate
poor or marginal recovery in the spiked samples containing
aluminum, tin and thallium. Zinc, boron, and tin were
detected in the laboratory method blank. Mercury was
detected in the field blank.

Organic analytical results appear in Table 3. For organic
constituents, only those CLP hazardous substance list (HSL)
compounds detected in surface water samples are listed.
Table 4 provides a complete list of the organic HSL compounds
that were tested for in each sample. Table 5 lists compounds
that were tentatively identified using GC/MS techniques.
Compounds listed in Table 5 were estimated and had purities
exceeding 90 percent.

The QA review classified base/neutral analyses as semiquan-
titative because of low average surrogate recoveries. Vola-
tiles were held beyond the acceptable time for analysis but
the results were determined to be acceptable due to good QA
analytical results. The acid analyses were classified as
qualitative due to low surrogate recoveries. Because of
very low surrogate recoveries, TCDD data were determined to
be unacceptable.

No effort has been made to evaluate the analytical results.
Evaluation of site investigation data will be performed in
Task 4 of the RI and discussed in the RI report.

SEDIMENT SAMPLING

SAMPLING LOCATION SELECTION

The sampling location selection strategy was to select sampling
locations in areas of probable contamination that would help
identify the extent of offsite migration of contaminants.
The final selection of sampling points was made by CH2M HILL
and reviewed by the U.S. EPA and the ISBH.

The work plan for the ECC site recommended that samples be
collected in six locations. Four of the locations matched
surface water sampling locations. Sampling locations are
identified in Figure 2.
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EPA QA review classified base/neutral and pesticide analyses
of sediment samples as semiquantitative due to low surrogate
recoveries. Although holding times for volatile samples
were beyond acceptable limits, volatile analyses were clas-
sified as quantitative because of good QA analytical results,
The acid analyses were classified as qualitative because of
low surrogate recoveries. The TCDD data were determined to
be unacceptable because of very low surrogate recoveries.

No effort has been made to evaluate the analytical results.
Evaluation of s-ite investigation data will be performed in
Task 4 of the RI and discussed in the RI report.

GLT424/60
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SAMPLE COLLECTION

Sediment samples were collected with a 2-inch diameter stain-
less steel Wildco core sampler. Samples consisted of a com-
posite of 1-inch to 3-inch long cores taken within a 10-foot
square area. Six to fifteen cores were required to make one
composite sample.

The blank sample (ECC-SD-BK1-001) was prepared by pouring
reagent grade diatomaceous earth into a decontaminated core
tube, extruding the diatomaceous earth from the tube and
placing it into a sample bottle.

SAMPLING EFFORT

Eight sediment samples were collected from six offsite lo-
cations on July 19, 1983. Samples were packed in accordance
with U.S. EPA CLP protocol. The samples were shipped via
Federal Express on July 21, 1983. Samples were stored on
ice in Coleman coolers while awaiting shipment. Samples for
Tasks 1 and 2 inorganic analyses and Task 3 cyanide were
shipped to U.S. Testing Company, Inc. in Hoboken, New Jersey.
Samples for organic analyses were sent to Mead Compu/Chem in
Research Triangle Park, North Carolina.

A summary of the sample tracking documentation is given in
Table 6. The assigned case number was 1838.

ANALYTICAL RESULTS

Inorganic analytical results for sediment samples are pre-
sented in Table 7. Moisture contents determined during the
organic analysis were used to change concentrations of inor-
ganics to concentration per dry unit weight. Sample quanti-
ties were insufficient to make moisture content determinations
for samples SD-004, SD-004 duplicate, and the blank. QA
review indicates that calibration data for inorganic analyses
was insufficient to establish positive quality control.
These data are preliminary pending further verification.

Organic analytical results appear in Table 8. For organic
constituents, only those CLP HSL compounds detected in sedi-
ment samples are listed. Table 4 provides a complete list
of the organic HSL compounds that were tested for in each
sample. Table 9 lists compounds that were tentatively identi-
fied using GC/MS techniques. Compounds in Table 9 were esti-
mated and had a purity exceeding 90 percent.
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ORGANIC ANALYSIS LIST

ECC SITE

Constituent

ACID COMPOUNDS*

2,4,6-trichlorophenol
p-chloro-m-cresol
2-chlorophenol
2,4-dichlorophenol
2,4-dimethyl phenol
2-nitrophenol
4-nitrophenol
2,4-dinitrophenol
4,6-dinitro-2-methy phenol
pentachlorophenol
phenol

BASE/NEUTRAL COMPOUNDS

acenaphthene
benzidine
1,2,4-trichlorobenzene
hexachlorobenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene
1.2-dichlorobenzene
1.3-dichlorobenzene
1.4-dichlorobenzene
3,3'-dichlorobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
4-chlorophenyl phenyl ether
4-bromophenyl phenyl ether
bis(2-chloroisopropyl)ether
bis(2-chloroethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadlene
isophorone
naphthalene
nitrobenzene
N-nitrosodiphenylamine

GLT360/16-1
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Constituent

BASE/NEUTRAL COMPOUNDS (continued)

N-nitrosodipropylamine
bis(2-ethylhexyl)phthalate
benzyl butyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
chrysene
acenaphthylene
anthracene
benzo(ghi)perylene
fluorene
phenanthrene
dibenzo(a,h)anthracene
indeno(2,3,3-cd)pyrene
pyrene

VOLATILES

acrolein
acrylonitrile
benzene
carbon tetrachloride
chlorobenzene
1,2-dichloroethane
1,1,1-trichloroethane
1,1-dichloroethane
1,1,2-trichloroethane
1,1,2,2-tetrachloroethane
chloroethane
2-chloroethylvinyl ether
chloroform
1,1-dichloroethene
trans-1,3-dichloropropene
cis-1,3-dichloropropene
ethylbenzene
methylene chloride

GLT360/16-2
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Constituent

VOLATILES (continued)

chloromethane
bromomethane
bromoform
bromodichloromethane
fluorotrichloromethane
dichloridi fluoromethane
chlorodibromomethane
tetrachloroethene
toluene
trichloroethene
vinyl chloride

NONPRIORITY POLLUTANTS HAZARDOUS SUBSTANCES

benzoic acid
2-methylphenol
4-methylphenol
2,4,5-trichlorophenol
aniline
benzyl alcohol
4-chloroaniline
dibenzofuran
2-methyInaphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
acetone
2-butanone
carbondisulfide
2-hexanone
4-methyl-2-pentanone
styrene
vinyl acetate
o-xylene

PESTICIDES13

aldrin
dieldrin
chlordane
4,4'-DOT
4,4'-DDE
4,4'-ODD

GLT360/16-3
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Constituent

PESTICIDES (continued)

a-endosulfan
b-endosulfan
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide
a-BHC
b-BHC
d-BHC
g-BHC (lindane)
PCB-1242
PCB-1254
PCB-1221
PCB-1232
PCB-1248
PCB-1260
PCB-1016
toxaphene

DIOXINS0

2,3,7,8-tetrachloro-dibenzo-p-dioxin

aQA data indicate that these analyses are qualitative due to
low surrogate recoveries. Existing detection limits may

,not reflect attainable precision.
QA data indicate that analytical results for pesticides in
sediment samples are semiquantitative because of low
recoveries in spiked samples.
QA data indicate that analytical results for TCDD are
unacceptable.

GLT360/16

GLT360/16-4



Table 5
TENTATIVELY IDENTIFIED COMPOUNDS

SURFACE HATER SAMPLES
ECC SITE (SUBTASK 3-3)

CASE NO. 1838

Compound SH-001 SH-002 SH-003

Volatiles

1,1,1-trichloro-l,2,2-trifluoroethane
trichloroethene
2,3,4-triMthylbexane
2,4-dlBethyIheptane
1,4-dloxane
tetrahydrofuran

SN-004

13
6.9
14
22
10

SN-004
(Duplicate)

14

Blank

7.1

Concentrations expressed as ug/1.

GLT360/22



OTR * Organic Traffic Report
ITR * Inorganic Traffic Report

Table 6
SAMPLE DOCUMENTATION SUMMARY

SEDIMENT SAMPLING
ECC SITE (SUBTASK 3-3)

CASE NO. 1838

CH2M HILL
Saaple
Nuaber

ECC-SD-001-001

ECC-SD-002-001

ECC-SD-003-O01

ECC-SD-004-001

ECC-SD-004-002

ECC-SD-005-001

ECC-SD-006-001

ECC-SD-BKl-001

Data
Saapled

7/19/84

7/19/84

7/19/83

7/19/83

7/19/83

7/19/83

7/19/83

7/19/83

Date
Shipped

7/21/83

7/21/83

7/21/83

7/21/83

7/21/83

7/21/83

7/21/83

7/21/83

Laboratory
Service

U.S. Testing
Mead Coapu/Chea

U.S. Testing
Mead Coapu/Chea

U.S. Testing
Mead Coapu/Chea

U.S. Testing
Mead Coapu/Chea

U.S. Testing
Mead Coapu/Chea

U.S. Testing
Mead Coapu/Chea

U.S. Testing
Mead Coapu/Chea

U.S. Testing
Mead Coapu/Chea

Airbill
Nuaber

322-856-623
322-856-634

322-856-623
322-856-634

322-856-623
322-856-634

322-856-623
322-856-634

322-856-623
322-856-623

322-856-623
322-856-634

322-856-623
322-856-634

322-856-623
322-856-634

ITR

MS0289

MS0290

MS0291

MS0292

MS0296

HS0293

MS0294

MS0295

OTR

S2389

S2390

S2391

S2392

S2395

S2393

S2394

S2396

Chain-of-
Custody

5-8914
5-8913

5-8914
5-8913

5-8914
5-8913

5-8914
5-8913

5-8914
5-8913

5-8914
5-8913

5-8914
5-8913

5-8914
5-8913

GLT360/18



Table 7
INORGANIC ANALYTICAL RESULTS

SEDIMENT SAMPLES ECC SITE (SOBTASK 3-3)
CASE NO. 1838

a
Compound

Aluminum
Chromium
Barium
Beryl llu«
Cobalt
Copper
Iron
Nickel
Manganese
Zinc
Boron
Vanadium
Silver

Arsenic
Antimony
Selenium
Thai HUM
Mercury
Tin
Cadmium
Lead

Cyanide

Percent Moisture

SD-001

2,172
4
45

<0.45
<4.5

7
8,598

<4
161
<29
<9
<18

<0.9

<0.9
<2

<0.2
<0.9
<0.02

<2
C

1.65
19.0

33

45

SD-002

9,744
13
102
0.6
<12
23

18,624
21
499
75
<10
23
<1

<1
<2

<0.2
<1

<0.02
<2
2.3

11.5

<19

48

SD-003

4,326
13
44

<0.48
5.3
19

12,415
13
275
52
<10
<19
<1

<1
<2

<0.2
<1

2.25
<2c

1.83
31.3

38

48

SD-004

2,890
5
31

<0.25
<4
13

8,900
11
170
33
<5
<10

<0.5

<0.5
<1

<0.1
<0.5

<0.01
<1

0.82
17.5

<10

_b

SD-004
(Duplicate)

3,050
6
35

<0.25
16
16

8,080
10
158
39
<5
<10

<0.5

<0.5
<1

<0.1
<0.5
0.02

<1
0.78
32.3

196

_b

SD-005

5,928
11
66

<0.57
<9
23

18,6%
23
413
64
<11
<23

<1.1

<1.1
<2

<0.2
<1.1
0.05

<2c
1.41
48

73

56

SD-006

2,850
<5.7
27

<0.57
<5.7
9

9,257
<11
239
<30
<11
<23

<1.1

<1.1
<2

<0.2
<1.1
0.05

<2c
1.30
6.8

<23

44

Blank

200
> 9
<5

<0.25
<2.5
<2.5
120
<2

<0.75
<2
<5
<18

<0.5

<0.5

<0.5
0.04

<1
0.26°
1.9°

Concentrations expressed as »g/kg per dry unit weight except SD-004 and SD-004 duplicate.
Sample quantities were insufficient to determine moisture content.
QA review indicates that these data should be regarded as qualitative indication
of the presence of these metals because the concentrations are below the lowest
quantitative standard.

GLT360/20



Table 8
ORGANIC ANALYTICAL RESULTS

SEDIMENT SAMPLING
ECC SITE (SUBTASK 3-3)

CASE NO. 1838

Compound SD-001 SD-002 SD-003 SD-004
SD-004

(Duplicate) SD-005 SD-006 Blank

Base/Neutral Compounds

bis(2-etbylhexyl)phthalate
benzo(a)anthracene
b«nzo(a)pyrene
benio(b)fluorantbene
benso(k)£luorantbene
chrysene
benzo(ghi)perylene
dibenzo(a,h)anthracene
indeno(1,2,3-cd)pyrene

Volatiles

•ethylene chloride
fluorotrlchloromethane

< 4.5 < 4.8
< 4.8

6.1

912
440

< 800°
< 800°
< 800°
440°

< 800°
< 800°
< 800°

2.5 < 3 9.1 < 4.4 < 3.6

Nonprlority Pollutants/
Hazardous Substances

benzoic acid
4-methylphenol

< 4,000
960 680

Concentrations expressed as ug/Kg per dry unit weight except SD-004 and SD-004 duplicate.
Concentrations reported per wet unit because sample quantities were
Insufficient to determine dry unit weight.
Base/neutral analysis results were determined to be semiquantitative due to
low recoveries in surrogate samples.

GLT360/23



Table 9
TENTATIVELY IDENTIFIED COMPOUNDS

SEDIMENT SAMPLING
ECC SITE (SUBTASK 3-3)

CASE NO. 1838

SD-O04
Compound" SD-001 SD-002 SD-003 SD-004 (Duplicate) SD-005 SD-006 Blank

bBase/Neutral Compounds

dichloromethane
2-methyl-l-pentene 86°
1,3-dlaethylbenzene 31°

Concentrations expressed as ug/kg.
Base/neutral analysis results were determined by QA reviewers to be semiquantitative due to low
recoveries in surrogate samples.

GLT360/24
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Table 2
INORGANIC ANALYTICAL RESULTS

SURFACE WATER SAMPLES
ECC SITE (SUBTASK 3-3)

CASE NO. 1838

Compound

bAluBlmm
ChroMluM
BarluM
Berykkuyn
Cobalt
Copper
Iron
Nickel
Manganese
ZlncCcBoron
Vanadiui
Silver

SW-001

ND
ND
ND
ND
ND
ND
280
47
190
ND
ND
ND
ND

SW-002

3,050
ND
ND
ND
ND
ND

4,460
ND
580
ND
ND
ND
ND

SW-003

340
ND
ND
ND
ND
ND
890
ND
76
ND
ND
ND
ND

SW-004

490
ND
ND
ND
ND
ND

1,410
ND
130
ND
ND
ND
ND

SW-004
(Duplicate)

440
ND
180
ND
ND
ND

1,420
ND
130
ND
ND
ND
ND

Blank

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Arsenic
Antimony
Selenium.
ThalliUM
Mercury
Tin *C
CadMiuM
Lead

ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
6

"a0/2
ND
ND
ND

ND
ND
ND
ND
0.4d
ND
ND
ND

ND
ND
ND
ND
0.3d
ND
ND
ND

ND
ND
ND
ND
0.2
ND
ND
ND

Cyanide 0.007 0.013 0.005 0.008 0.013 ND

Concentrations expressed as ug/L.
QA data indicate poor or marginal recovery of these spiked Metals.
QA data indicate the presence of these Metal contaminants in the laboratory
nethod blank.
This Metal also detected in the analysis of the field blank.

ND " Not detected.



Table 3
ORGANIC ANALYTICAL RESULTS

SURFACE HATER SAMPLES
ECC SITE (SUBTASK 3-3)

CASE NO. 1838

Compound SN-001 SH-002 SH-003 SM-004
SH-OO4

(Duplicate) Blank

Base/Neutral Compounds

bis(2-etbyIhexy1)phthalate < 20

Volatilcs

1,1,1-trIcbloroetnane
1.1-dlchloroethane
chloroethane
1.2-transdichloroethene
•ethylene chloride
tetr achl ore them
trichloroethene
vinyl chloride

Nonpriority Pollutants/
Haxardous Substances

< 5 < 5 < 5

120
45
12
330
< 5
< 5
67
10

110
45
12
330
< 5
< 5
68
11

3,100

o-xylene < 5 < 5

Concentrations expressed as ug/1.
QA review identified base/neutral results as seMlquantltative because the average surrogate recovery is <40 percent.
°QA review identified the volatile results acceptable due to good QA analytical results despite the fact that the analyses were run after
expiration of the acceptable holding period.

GLT360/21



CH2MBHILL

TO: File

DATE: September 7, 1984

RE: ECC Site Remedial Investigation
Surface Water and Sediment Sampling
Subtask 3-3

PROJECT: W65230.C3

INTRODUCTION

Surface water and sediment samples were collected on July 18
and 19, 1983, in the vicinity of the Environmental Chemical
and Conservation Corporation (ECC) site in Zionsville, Indiana,
Sampling was performed offsite by personnel from CH2M HILL.
This work was performed in partial fulfillment of Contract
No. 68-01-6692, Work Assignment No. 18.5L30.0, Subtask 3-3.

PURPOSE

The purpose of the surface water and sediment sampling pro-
gram was to gather data to determine the extent of contamina-
tion in the unnamed ditch east of the site, Finley Creek,
and Eagle Creek. Previous Indiana State Board of Health
(ISBH) sampling efforts have indicated possible contamination
of the offsite surface water and sediment. Data obtained in
this task will be used in determining if offsite remedial
measures are required at the ECC site.

SCOPE

The scope of the surface water and sediment sampling program
included the following samples:

o Four surface water samples
o One surface water duplicate sample
o One surface water field blank
o Six sediment samples
o One sediment duplicate sample
o One sediment field blank



MEMORANDUM
Page 12
May 31, 1985
W65230.C3

16 percent. No tin was found in these samples. The
detection limit listed does not reflect the actual sample
detection limit.

Organic analyses of Case No. 1838 (Phase I) are semiquanti-
tative for base/neutrals as noted due to surrogate recovery
values. Volatiles for this case were held beyond the accept-
able time prior to analysis but acceptable analytical QA
renders the data useful. Organic analysis for Case No. 2197
(Phase II) shows several compounds as blank contaminants.
Methylene chloride and acetone may be of laboratory origin.

Results for acids in both cases were judged by the QA
reviewer to be qualitative due to poor or erratic recoveries
of spiked compounds. TCDD results were judged to be biased
low for Case No. 2197 and unacceptable for Case No. 1838.

Case 3606 (Phase III) organic analysis results for acetone
and 2-butanone are semi-quantitative because of low response
factors in the standard runs. Based on average surrogate
precent recovery and coeeficient of variation, volatiles are
quantitative and acid, base neutrals are qualitative.

Evaluation of the analytical results from groundwater sam-
ples collected in both sampling efforts will be performed in
Task 4 of the RI and discussed in the RI report.

GLT360/12
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Table 13 (Page 3 of 4)

Constituent

VOLATILES (continued)

chloromethane
bromomethane
bromoform
bromodichloromethane
fluorotrichloromethane
dichloridifluoromethane
chlorodibromomethane
tetrachloroethene
toluene
trichloroethene
vinyl chloride

NONPRIORITY POLLUTANTS HAZARDOUS SUBSTANCES

benzoic acid
2-methylphenol
4-methylphenol
2,4,5-trichlorophenol
aniline
benzyl alcohol
4-chloroaniline
dibenzofuran
2-methylnaphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
acetone
2-butanone
carbondisulfide
2-hexanone
4-methyl-2-pentanone
styrene
vinyl acetate
o-xylene

PESTICIDESb

aldrin
dieldrin
chlordane
4,4'-DOT
4,4'-DDE
4,4'-ODD

GLT360/37-3



Table 13 (Page 4 of 4)

Constituent

PESTICIDES (continued)

a-endosulfan
b-endosulfan
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide
a-BHC
b-BHC
d-BHC
g-BHC (lindane)
PCB-1242
PCB-1254
PCB-1221
PCB-1232
PCB-1248
PCB-1260
PCB-1016
toxaphene

DIOXINS0

2,3,7,8-tetrachloro-dibenzo-p-dioxin

aQA data indicate that these analyses are qualitative due to
low surrogate recoveries. Existing detection limits may

.not reflect attainable precision.
QA data indicate that analytical results for pesticides in
sediment samples are semiquantitative because of low
recoveries in spiked samples.
QA data indicate that analytical results for TCDD are
unacceptable.

GLT360/37
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Table 13 (Page 1 of 4)
ORGANIC ANALYSIS LIST

ECC SITE

Constituent

ACID COMPOUNDSa

2,4,6-trichlorophenol
p-chloro-m-cresol
2-chlorophenol
2,4-dichlorophenol
2,4-dimethyl phenol
2-nitrophenol
4-nitrophenol
2,4-dinitrophenol
4,6-dinitro-2-methy phenol
pentachlorophenol
phenol

BASE/NEUTRAL COMPOUNDS

acenaphthene
benzidine
1,2,4-trichlorobenzene
hexachlorobenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene
1.2-dichlorobenzene
1.3-dichlorobenzene
1.4-dichlorobenzene
3,3'-dichlorobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
4-chlorophenyl phenyl ether
4-bromophenyl phenyl ether
bis(2-chloroisopropyl)ether
bis(2-chloroethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadlene
isophorone
naphthalene
nitrobenzene
N-nitrosodiphenylamine

GLT360/37-1



Table 13 (Page 2 of 4)

Constituent

BASE/NEUTRAL COMPOUNDS (continued)

N-nitrosodipropylamine
bis(2-ethylhexyl)phthalate
benzyl butyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
chrysene
acenaphthylene
anthracene
benzo(ghi)perylene
fluorene
phenanthrene
dibenzo(a,h)anthracene
indeno(2,3,3-cd)pyrene
pyrene

VOLATILES

acrolein
acrylonitrile
benzene
carbon tetrachloride
chlorobenzene
1,2-dichloroethane
1,1,1-trichloroethane
1,1-dichloroethane
1,1,2-trichloroethane
1,1,2,2-tetrachloroethane
chloroethane
2-chloroethylvinyl ether
chloroform
1,1-dichloroethene
trans-1,3-dichloropropene
cis-1,3-dichloropropene
ethylbenzene
methylene chloride

GLT360/37-2
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GrouwJwtt.r tiff'.
TabU «

U KWntlllolloo MtrU -
ECC Sit. (Subtuk 1-11

Can
NiMbcr

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

1*M

MM

Mil
IhMbU

1A

1A

M

5A

9A

*A

7A

IA

9A

IDA

11*

Bluk

h,u
GH-O01

01-003

oj-ocn

GH-O05

GH-003A

Ot-OOf

OM-O07

GN-OMA

GH-OOM

GN-O10

CD-011

GH-O09*

tat*
BMP!*

11/11/M
12/11/M

11/11/14
11/11/M

11/11/14
11/11/M

11/11/14
11/11/M

11/11/14
11/11/M

11/11/14
11/11/M

11/11/14
11/11/M

11/11/14
11/11/M

11/11/14

12/11/14
11/11/14

11/11/M

11/11/M
12/11/M

D.t«
SblMHj

11/11/14
11/11/M

11/11/M
11/11/M

11/11/M
11/11/M

11/11/M
11/11/M

11/11/M
11/11/14

11/11/14
11/11/14

11/11/14
11/11/M

11/11/14
11/11/M

11/11/14

11/11/M
11/11/15

13/11/14

11/11/M
13/11/14

1,1, Airbill
S.r.10. I"""" -S!-

CbntKh* 41140330* «4«3»
CoBpu/Cbi.** 4114O1110

CovaUck 4114011M «4«11
Co.pu/Cb- 411401110

Chart »rtl 4114011M IE4tl5
Co^xi/0-B 4114011M

OMtwh 41140110* 104*33
CovWCbM 411401211

OMtaek 4114011M «4«JO
Ca^n/Qnm 4114O1151

CbMt*cb 41140120* HE4427
Covu/Cb. 411401110

CM ûtMb 4114011M «E4*2«
Covu/ClM 4114011M

Ca^utK* 4114011M ""*«
Covu/CbM 411401111

Cav/CbM 411401111

CkMtKb 411401106 HE4414
Co^u/OM. 411401114

Covu/OH- 411401121

Coq»tKb 41140WM «**!!
Oa^CbM 411401111

. °" .

E7491

E7491

EMM

EMM

E7494

E7491

E74W

E7495

E7U7

»

E74II

E7415

1749*

OulB of
Cintodr

5047*5
5047*1

SO47*9
9947*7

5O4765
5047*0

9047*5
504 7M

5047*5
50*7*1

5O47«5
5047*1

5047*5
5O47*0

5047*5
5047*1

5047*1

9O47«9
9047*0

9O47C1

5O4H5
50*7*1

Group, Lt4.
•*Co«pu/ClMB Ubaralorln
G1.T36O/4*
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Task 1 and 2 inorganics and Task 3 cyanide analyses were
shipped to JTC Environmental Consultants, Inc., in Rockville,
Maryland. Phase I samples for organic analyses were shipped
to Mead Compu/Chem in Research Triangle Park, North Carolina.

In the second phase sampling effort, samples for Task 1 and
2 inorganics and Task 3 cyanide analyses were shipped to
U.S. Testing in Hoboken, New Jersey. Phase II samples for
organic analyses were snipped to Environmental Testing and
Certification Corporation (ETC) in Edison, New Jersey.

Phase III samples for organic analyses were shipped to
Compu/Chem Laboratories (formerly Mead) in Research Triangle
Park, North Carolina. Samples for Task 1 and 2, inorganics,
and Task 3, cyanide analyses, were shipped to Chemtech
Consulting Group, Ltd., in New York, New York.

A summary of the chain-of-custody documentation for samples
collected in the Phase I, II, and III sampling efforts appear
in Tables 4, 5, and 6. The assigned case numbers were 1838,
2197, and 3606, respectively.

Analytical Results

Inorganic analytical results for groundwater samples are
presented in Tables 7, 8, and 9. Organic analytical results
are presented in Tables 10, 11, and 12. For organic
constituents, only those CLP hazardous substance list (HSL)
compounds that were detected are listed. Table 13 lists all
of the organic HSL compounds that samples were analyzed for.
For samples collected in Phase I, Table 14 identifies
compounds that were tentatively identified using GC/MS
techniques.

Inorganic analyses for Case No. 1838 (Phase I) reflects poor
matrix spike recovery for several memos as noted. Zinc,
boron, and tin appeared as blank contaminants in Case No.
1838. Inorganic analyses for Case No. 2197 (Phase II) may
be biased high by 25 to 30 percent for barium and nickel
based on ICAP intercheck. Inorganic analyses for sample
IA-02 reflects poor analytical QA results for several metals
as noted.

Case 3606 (Phase III) inorganic analyses results for
selenium and antimony are biased low based on low spike
recoveries. Tin had a sample spike recovery of only



•putr
'

....O

B SBS?SBSB BBSBSB2BSB§BS?
' B B6BBB66B

6 B B B B B B B BBBBXBSBBBSBB

6 BBBcBBBB S6BB£6666gBS gS i

I "
I B BB66BBB6 BBBBSBSSBsSsB k" n.l
E g?"

**

B BB6B6>B«

B 6666BB6B 66B6S6§666SEB |||

B 66BB66BB BBBBBclBBBSBB |^

B SSSSS5SS ggggSSSSSBSSB lis

S BSBB^B.B

B ggg^ggg SSSSBSBSBBSSS 12S



Tabla I
GmHMATD INORGANIC AMALTTICAL KESOUS - PHASE II

ECC SITE (SOKASK 3-2)
Cat* MD. 2197

MS0927 10019* HEO929 NS09N BSO921 N8O912 HS0911 NSO9M MS0915 HS09M MBO917 NC091I MSO939 MBOMO
CoapomWT )»-Ol 1A-02 1C-O1 J>-O1 2B-O1 2C-01 3A-O1 1C-O1 4C-01 5A-O1 6A-01 7A-O1 7A-O2 99-01

AliaUnu* <200 4W <2OO <XO <200 <200 <2OO <2OO <200 Ml <200 41.5OO «1 <200
N D N D N D N D H D M > N D M > N D » M > 1 4 4 N D M >

M4 157 (57 2M 1M 470 1,070 2*4 SU 192 50t 175 197 <100
<5 <5 <5 <5 <3 <5 <5 <5 <5 <5 <5 <5 <5 <S

Cobalt <50 <5O <50 <5O <50 <50 <50 <50 <M <50 <50 tO <50 <JO
Coppar <50 <50 <50 <50 <50 <50 <50 <50 <50 <SO <50 10« <50 <50
Iron k 3,070 1,100 73* 1,3*0 1,140 174 10,400 1,720 10* 12* 5,470 101,000 1,010 210
Nlckal° <40 <40 <40 <40 <40 <40 M <40 <40 <40 <40 17* <4O <40
Nanoagaaa <101 9S 21 49 54 21 97 19 21 52 211 1,930 111 <10
line 45 14C 19 11 M> 2* 19 ND 74 M 35 27( 11 49
Boron M A N A N A N A N A M A N A N A N A N A M A M A N A M A
Vanadlu* <2OO <20Q <200 <200 <2OO <2OO <200 <JOO <2OO <K» <200 <200 <2OO OOO
Silnr 25 14C <10 <10 27 11 <10 25 19 <10 <10 <10 <10 20

Antlmoor <20 <20T <20 <20 <M <20 <20 <20 <20 <20 <20 <20 <20 <20
Salanlua <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2

Harcuri <0.2 <0.2 <0.2 <0.2 <0.2 0.4 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 O.I
Tin <20 <30° <20 <20 <20 <20 <20 <20 <20 <20 <>0 <20 <20 <20

Laad <J <5 <5 <5 <5 <S <5 <5 <5 <5 <5 102 <5 <5

Cranlda <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10

'All coneantratlona upraaaad In u«/l.
NA > Not analr<ad (or.
(ID • Hot datactad.
°OA data Indlcata that tbaaa natala Mr ba high by 13 to 30% baaad on ICA? Intarchack.
^OA data Indlcata that ralatlta parent dl((arancaa (MC'al ara outaloa accaptad B» lUlta (or tbaaa natala.
°DA data Indlcata that Mtrlt aplk* racotartaa (or tbaaa analraaa ara balov accaptad OA lulu.



Table 9
GROUNDMATER INORGANIC RESULTS - PHASE III

ECC SITE (SUBTASK 3-2)
CAM No. 1606

Compound

AlUBinuB
Antlnony
Araenlc
Barliv
Beryl linn
Cadalua
Calclun
CbroBluB
Cobalt
Copper
Iron
Lead
Cyanide
NaoneiluB
Manganese
Hercury
Nickel
Potassium
SelenluB
Silver
Sodlun
ToalliuB
Tin
Vaoadlua
line

NE4629
lA-001

304
ND
NO
»>
ND
ND

95770 E
11
ND
ND

14S4
6.7
ND

34660 E
66
ND
ND
ND
ND
ND

10060
ND
ND
ND
69

NE4628
2A-O01

(65)
ND
ND
387
ND
ND

98200 E
11
ND
ND

2931
ND
ND

32070 E
49
ND
65
ND
•ND
ND

15490
ND
ND
ND
260

ME4625
3A-001

(128)
ND
15
868
ND
ND

70240 E
15
ND

(16)
297
ND
ND

131800 E
70
ND
84

105940
ND
ND

380700
ND
ND
ND
250

HE4622
5A-O01

ND
ND
ND
413
ND
ND

94890
13
ND
ND
202
ND
ND

33140 E
73
ND

1321
HD
ND
ND

10980
ND
ND
ND
155

ME4630
5A-O02

(140)
ND
ND
438
ND
ND

99410 E
12
KD
ND
356
ND
ND

34160 E
50
ND
ND
ND
ND
ND

11210
ND
ND
ND
158

NE4627
6A-OO1

166]
ND
ND
612
ND
ND

161100 E
ND
ND
ND

1194
ND
ND

69730 E
94
ND
46

(2129]
ND
ND

118000
ND
ND
ND
42

NE4626
7A-O01

(77)
ND
KD
331
ND
ND

73550 E
ND
ND
ND
I")
6.5
ND

29780 E
57
ND
ND

(2625)
ND
ND

22300
ND
ND
ND
37

HE4631
8A-001

(144)
ND
ND
353
ND
ND

98500 E
ND
ND
ND

2545
ND
ND

38890 E
24
ND
KD

[1195]
ND
ND

15130
KD
ND
ND
69

ME4632
BLAMK

(57]
KD
ND
ND
ND
ND

|900) E
ND
KD
ND

(98)
ND
ND

(3341 E
HD
ND

(341
ND
ND
ND

1434
KD
ND
ND
31

ME4624
IQA-OOl

(72)
ND
KD
298
ND
ND

77000 E
ND
ND
ND

1511
ND
ND

31440 E
40
HD
ND

(4765)
ND
HD

25520
ND
ND
ND
54

rOOIMOTESi
E - Value la eitlBated or not reported due to the premie* of Interference.
R - Solke senile recovery 1* not within control 1U1U.
• - Duplicate analyiia U not within control Haiti.
» - Correlation coefficient for awtnod of standard addition la le*a man 0.995.
[] - foiltlw valuea leia than tbe contract required detection Halt.
MD - Hot detected

GLT360/58



Table 4
GROUNDWATER SAMPLE IDENTIFICATION MATRIX - PHASE 1

ECC SITE (SUBTASK 3-2)

Sample
Nuaber

ECC-GH-1A-001

ECC-GH-lC-001

ECC-GH-2A-O01

ECC-GH-2B-001

ECC-GH-2C-001

ECC-GH-3A-001

ECC-GH-3A-002

ECC-GH-3C-001

ECC-GH-4C-001

ECC-GH-4C-002

ECC-GH-5A-001

ECC-GH-BK-001

Date
Sampled

7/19/83

7/18/83

7/19/83

7/19/83

7/18/83

7/19/83

7/19/83

7/18/83

7/18/83

7/18/83

7/19/83

7/19/83

Date
Shipped

7/19/83

7/18/83

7/19/83

7/19/83

7/18/83

7/19/83

7/19/83

7/18/83

7/18/83

7/18/83

7/19/83

7/19/83

Lab
Service

JTC
Mead Co«pu/Che«

JTC
Mead CoBpu/CheB

JTC
Mead Compu/Cho

JTC
Mead CoHpu/Che*

JTC
Mead CoMpu/Che*

JTC
Mead Co«pu/Che»

JTC
Mead CoKpu/CheM

JTC
Mead CoBpu/Chem

JTC
Mead Conpu/Che»

JTC
Mead Coppu/CbCB

JTC
Mead CoMpii/Che*

JTC
Mead CoMpu/Che*

Airbill
Niwber

322-856-612
322-856-601

322-856-730
322-856-715

322-856-612
322-856-601

322-856-601
322-856-012

322-856-730
322-856-715

322-856-612
322-856-601

322-856-612
322-856-601

322-856-730
322-856-715

322-856-730
322-856-715

322-856-730
322-856-715

322-856-612
322-856-601

322-856-612
322-856-601

ITR

MS0283

MS0270

MS0284

MS0271

MS0272

MS0285

MS0288

MS0273

MS0274

MS0275

MS0286

MS0276

OTR

S2383

S2370

S2384

S2371

S2372

S2385

S2388

S2373

S2374

S2375

S2386

S2376

Chain
of

Custody

5-8908
5-8910

5-8901
5-8904

5-8908
5-8910

5-8908
5-8910

5-8901
5-8904

5-8908
5-8911

5-8909
5-8912

5-8901
5-8905

5-8901
5-8905

5-8902
5-8905

5-8909
5-8911

5-8909
5-8906

OTR = Organic Traffic Report
ITR - Inorganic Traffic Report

GLT360/6



Table 5
GROUNDHATER SAMPLE IDENTIFICATION MATRIX - PHASE II

ECC SITE (SUBTASK 3-2)

Saaple
Nuaber

ECC-GH-lA-01

ECC-GH-1A-02

ECC-GW-lC-01

ECC-GH-2A-01

BCC-GH-2B-01

ECC-GH-2C-01

ECC-GH-3A-01

ECC-GH-3C-01

ECC-GH-4C-01

ECC-GH-5A-01

ECC-GH-6A-01

ECC-GH-7A-01

ECC-GH-7A-02

ECC-GN-99-01

Date
Sampled

11/29/83

11/29/83

11/29/83

11/29/83

11/29/83

11/29/83

11/29/83

11/30/83

11/30/83

11/30/83

11/30/83

11/30/83

11/30/83

11/30/83

Date
Shipped

11/29/83

11/29/83

11/29/83

11/29/83

11/29/83

11/29/83

11/29/83

11/30/83

11/30/83

11/30/83

11/30/83

11/30/83

11/30/83

11/30/83

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

U.S.
ETC

Lab
Service

Testing

Testing

Testing

Testing

Testing

Testing

Testing

Testing

Testing

Testing

Testing

Testing

Testing

Testing

Airbill
Number

235-570-370
235-570-580

235-570-370
235-570-580

235-570-370
235-570-580

235-570-370
235-570-591

235-570-370
235-570-591

235-570-370
235-570-591

235-570-370
235-570-591

235-570-414
322-856-715

235-570-414
235-570-381

235-570-414
235-570-381

235-570-414
235-570-381

235-570-414
235-570-392

235-570-414
235-570-392

235-570-414
235-570-392

ITR

MS0927

MS0928

NS0929

MS0930

KS0931

MS0932

HS0933

MS0934

MS0935

MS0936

MS0937

MS0938

MS0939

MS0940

OTR

S2803

S2801

S2802

S2804

S2805

S2806

S2807

S2808

S2809

S2810

S2811

S2812

S2813

S2814

Chain
of

Custody

5-10439
5-8950

5-1043,9
5-8950

5-10439
5-8950

5-10439
5-8944

5-10439
5-8944

5-10439
5-8944

5-10439
5-8944

5-8941
5-10440

5-8941
5-10440

5-8941
5-10440

5-8941
5-10441

5-8941
5-10441

5-8941
5-10441

5-8941
5-10441

OTR = Organic Traffic Report
ITR * Inorganic Traffic Report

GLT360/7
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Comments: Samples were collected in level "D" safety attire.
No HNU readings (10.2eV lamp) above background were detected.

November 30, 1983, Wednesday

Collection of groundwater samples was completed on Wednesday.
Weather conditions included overcast skies, strong winds,
and a temperature of about 27°F.

Groundwater Sampling Team: Same as Tuesday.

Groundwater Samples Obtained:

Well Number Sample Number

ECC-3C ECC-GW-3C-001
ECC-4C ECC-GW-4C-001
ECC-5A ECC-GW-5A-001
ECC-6A ECC-GW-6A-001
ECC-7A ECC-GW-7A-001

ECC-GW-7A-002
Blank ECC-GW-99-001

nComments: Groundwater samples were collected in level "D
safety attire. No HNU readings (10.2eV lamp) above back-
ground were detected.

November 31, 1983, Thursday

Sampling personnel returned to their home offices.

PHASE III

December 11, 1984, Tuesday

Mark Lepkowski, Randy Weltzin, Megan Morrison, and Jeff
Keiser drove to Indianapolis, Indiana with a van containing
equipment and supplies.

December 12, 1984, Wednesday

Morrison and Lepkowski began collecting samples, while Welt-
zin and Keiser took water depths for wells to be sampled.
Weather conditions included a high temperature of 48°F with
5 mph winds from the southwest and drizzle or rain in the
afternoon.
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Groundwater samples obtained:

Well Number Sample Number

ECC-5A GW-005
ECC-5A GW-005A
ECC-10A GW-010

Comments: All wells were sampled in level "D" safety attire,
No HNu readings were taken because of equipment difficulties
Only the organic samples were shipped to the laboratory.
Inorganic samples were filtered, preserved, and kept on ice.

December 13, 1984, Thursday

Groundwater sampling was completed on Thursday. Keiser and
Weltzin surveyed elevations of casings at wells 6A, 7A, 8A,
9A, 10A, and 11A. Water depths were taken for wells 1C, 2B,
2C, 4C, and 3C. Weather conditions included a high of 42°F,
5 to 10 mph winds, and rain after 11:30 a.m.

Groundwater samples obtained:

Well Number Sample Number

ECC- 1A GW-001
ECC- 2A GW-002
ECC- 3A GW-003
ECC- 6A GW-006
ECC- 7A GW-007
ECC- 8A GW-008A
ECC- 9A GW-009A
ECC-11A GW-011
Blank GW-0099

Comments: All wells except ECC-8A were sampled in level "D"
safety attire. Because the HNu was not operating, level "C"
attire was used to sample ECC-8A. All samples, including
the inorganic samples from ECC-5A and ECC-10A, were shipped
to the contract laboratories.

Sample Documentation

Samples were packed according to EPA Contract Laboratory
Program (CLP) protocol. Samples were shipped via Federal
Express to the assigned contract laboratory on the day of
sampling. In the first phase sampling effort, samples for
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The spent decontamination solutions were combined with the
purge water in 55-gallon drums and disposed of onsite.

Sampling Chronology

The following chronology summarizes the major activities and
events for each day of the groundwater sampling work at the
ECC site.

PHASE I

July 17, 1983, Sunday

Ike Johnson, Jerry Bills, Tom Gilgenbach and Dennis Totzke
drove to Indianapolis, Indiana, with a van and trailer load
of equipment and supplies. A review meeting was held in the
evening to review the planned activities for the next day.

July 18, 1983, Monday

Collection of groundwater samples began on Monday. Weather
conditions included sunny skies, light winds and tempera-
tures in the mid-80's.

Groundwater Sampling Team: Dennis Totzke, Ike Johnson, and
Tom Gilgenbach.

Groundwater Samples Obtained:

Well Number Sample Number

ECC-1C ECC-GW-1C-001
ECC-2C ECC-GW-2C-001
ECC-3C ECC-GW-3C-001
ECC-4C ECC-GW-4C-001

ECC-GW-4C-002

Comments: All wells were sampled in level "D" safety attire,
No HNU readings (10.2eV lamp) above background were detected,

July 19, 1983, Tuesday

The collection of groundwater samples was completed on Tues-
day. Weather conditions were sunny with light winds and the
temperature in the mid-80's.
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Groundwater Sampling Team: Same as Monday.

Groundwater Samples Obtained:

Well Number Sample Number

ECC-1A ECC-GW-1A-001
ECC-2A ECC-GW-2A-001
ECC-2B ECC-GW-2B-001
ECC-3A ECC-GW-3A-001

ECC-GW-3A-002
ECC-5A ECC-GW-5A-001
Blank ECC-GW-BK-001

Comments: Monitoring well ECC-4A was not sampled because
oil contamination was present at the water surface from the
well installation. All well sampling was performed in level
"D" safety attire. No HNU readings (10.2eV lamp) above back-
ground were detected.

PHASE II

November 28, 1983, Monday

Phil Smith and Mike Schuetz of CH2M HILL drove the EPA van
to Indianapolis, Indiana.

November 29, 1983, Tuesday

Collection of groundwater samples was initiated on Tuesday,
Weather conditions included overcast skies, strong winds,
and temperatures around 30°F.

Groundwater Sampling Team: Phil Smith and Mike Schuetz of
CH2M HILL and Charles Brunett and Robert Teerman of KMA.

Groundwater Samples Obtained:

Well Number Sample Number

ECC-1A ECC-GW-1A-001
ECC-GW-1A-002

ECC-1C ECC-GW-1C-001
ECC-2A ECC-GW-2A-001
ECC-2B ECC-GW-2B-001
ECC-2C ECC-GW-2C-001
ECC-3A ECC-GW-3A-001
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Table 3
GROUNDWATER SAMPLING FIELD MEASUREMENTS - PHASE III

ECC SITE (SUBTASK 3-2)

Well
Number

1A

2A

3A

5A

6A

7A

8A

10A

Temperature

11

9

12

12.5

10

9

10

13

Conductivity
(umhos/cma)

390

370

2,500

420

1,050

320

380

380

pH

6.8

7.2

6.9

-

-

7.2

7.3

7.5

GLT360/47

- 4-
t- IQ-2J01



MEMORANDUM
Page 6
May 31, 1985
W65230.C3

Distilled water for field blanks was obtained from the ISBH
in Indianapolis. Water for the field blanks was poured
directly into the sample containers.

Decontamination

Decontamination procedures included steps to avoid contam-
ination of the sample and well and to minimize carryover of
contaminants from one well to another. In summary, the steps
used to minimize contamination were as follows:

o Sample from the least to most contaminated wells
based on previous groundwater data or proximity to
the site.

o Decontaminate the outside of all equipment used in
the wells including surface water level indicator
line, bailer, sampling pump and discharge line
after each well sampling.

o Decontaminate the inside of the bailer after each
use.

o Decontaminate the inside of the submersible pump
by pumping decontamination solutions in sequence
through the pump after each well sampling.

o Purge each monitoring well before sampling. This
not only removes stagnant water from the well but
also any contamination or decontamination solution
that may be present in the sampling equipment.

Three solutions were used in sequence to decontaminate well
sampling equipment. These solutions were TSP and distilled
water, acetone and distilled water (approximately 20 percent
acetone V/V), and a distilled water rinse. To decontaminate
the inside of the sampling pump and line, each solution was
pumped for 60 seconds through the pump and discharge line.
Decontamination solutions were changed daily and then dis-
posed of. The bailer was decontaminated by dipping it sev-
eral times into each of the solutions in the order specified
above.

The decontamination procedure for gloves used to handle equip-
ment was washing in TSP solution followed by an acetone solu-
tion wash and a distilled water rinse.



Table 2
GROUNDWATER SAMPLING FIELD MEASUREMENTS - PHASE II

ECC SITE (SUBTASK 3-2)

Well
Number

1A
1C
2A
2B
2C
3A
3C
4C
5A
6A
7A

Temperature

8
7
8
8
8
9
8
8
8
8
8

Conductivity
(umhos/cma)

275
390
240
380
400

2,400
430
390
460
910
410

_£H_

8.3
6.9
9v.O
6.9
6.9
6.9
6.9
6.8
6.7
6.6
6.9

GLT360/14
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Field Laboratory

Boring No. Sample No.

A-2 S-l

S-J

S-J

S-l.

A-S S-l

S-2

S-l

S-*

A-8 S-l

S-2

S-3

A-10 S-l

S-2

S-3

Depth (Inchea Vlaual Claaalflcatlon
Below Grade) (USCS)

0-6 Sllty clay fill, light brown, aolat.

6-12

12-18

14-22

0-6 Sllty clay fill, light brown.

6-12

12-18

18-20

0-6 Sllty clay fill, brown to gray, aolat.

6-18

18-21,

0-9 Sllty clay fill, brown, aolit.

9-18

18-21,

Field OVA Reading
(ppa> Above Background)

0

0

0

—

0

1 to 1.5

1 to 1.5

1 to 1.5

2 to 3

4

i>

IS

6*
60

Total Volatile
Organic Screen (ppa) Coaaenta

7

3

6

--

6

11

5

21

35

25

26

270

60

1

CLT360AO-2
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Field Laboratory

Boring No. Saavle No.

AE-AG S-l

S-2

AE-AH S-l

S-2

AH S-l

S-2

S-l

S-»

AM S-l

S-2

S-J

S-*

AO S-l

S-2

AP S-l

S-2

Depth (Inchea
••ion Grade)

0-6

6-12

0-6

6-12

0-6

6-12

12-18

18-21.

0-6

6-12

12-20

20-26

0-6

6-12

0-6

6-12

Vlaual Claaalflcatlon Field OVA Reading
(USCS) (ppa Above Background)

VUlte material, gray, crushed llaeatone 6
fragpenta, vet.

Cnuhed llaeiton* (regMnti, »r»y oil 100
teeplng Into borehole.

HUcellweoui fill, d«rk gray, wet. 30

SO

Sllty clay fill, atalmd black, aaaorted 0 '
mate Mteclal, aolat.

Sllty clay fill, brom, K>lat. 0

0

0

Sllty clay fill, brown, enlat. 1 to 3

30

W>

*>0

Sllty clay fill, brom, Mlat. 1

1

Sllty clay fill, brown, nolat. 3

0

Total Volatile
Organic Screen (PPB) Conoenta

IS

160 Boring (topped due to wet
condition!

1,060

600

1

1

1

1

a

8

i

2.5

1

1

1

2

CLI360/40-3
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PHASE 1 - SIMIAKY OF SOIL BORINGS

ECC SIIE

Boring Ho. Saaple Mo.

D-l S-l

S-2

S-3

S-*

D-l

S-l

D-7

Depth (Inches
Below Grade)

0-t

•-11

12-lt

18-2*

0-t

6-12

0-1S

Vlaual Claaalflcatlon
(USCS)______

Sllty clay fill, stained dart gray, wet

Sllty clay fill, atalned dark gray, aolst
to vat, places of crushed 1 IMS tone.

Sllty clay fill, stained dark gray, aolst
to wet, pieces of crushed llawstone.

Sllty clay fill, light brown, aolst.

Sllty clay fill, dark gray, stolet, placea
of crushed 1 lasstons.

Sllty clay fill, light brown, aolst.

Sllty clay fill, dark gray to black,
crushed llMstone fragments, wet.

Field OVA Heading
(ppsi Above Background)

Field Laboratory
Total Volatile

Organic Screen (pp»)

2,370

1,360

300

2,300

1,OM>

CoesMnts

Dsrk grsy and black soil
samples.

Appesr to be stained with
oil.

No staple collected fro*
0 to 6" due to wet con-
ditions.

No Maple collected fro*
0 to 18" due to wet con-
ditions.

B-6

S-l

S-2

S-l

18-20

20-24

0-12

0-6

Sllty clay fill, dark gray to black,
crushed llatastone fragments, wet.

Sllty clay fill, light brown, antst.

Sllty clay-clayey silt fill, dark gray to
black, crushed llswatone frsgswnts, wood
plank at 12".

Sllty clay fill, gray. 100

1,660

1,320

1,800

Boring stopped at 12" due
to wood plank, no aasiple
collected.

Could not advance boring
below 6" depth due to
rocks.

GLT360/40-1
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very wet soil that visually appeared to be stained dark gray
to black with oils and solvents. Borings A2, A5, A8, and
A10 were advanced into the berm located along the unnamed
ditch (Figure 1). Soil samples from these borings did not
appear to be stained, and were generally light brown colored.
Four additional borings were completed along the berm adja-
cent to the south concrete storage pad (AM, AN, AO and AP
shown in Figure 1). Samples from these borings were light
brown colored and did not appear to be stained. A summary
of soil boring samples is presented in Table 3. A total of
11 borings were completed in the north drum storage areas
instead of the 30 proposed in the sampling plan, due to the
wet conditions. Borings D3, D7, B6, and AE-AG were stopped
when water filled the boreholes.

SECOND SAMPLING EFFORT

PERSONNEL

The sampling team for the second soil sampling effort con-
sisted of the following personnel from CH2M HILL:

o Dennis Totzke - Project Manager
o Isaac Johnson - Geotechnical Engineer/Site Safety

Coordinator
o Brad Berggren - Geotechnical Engineer/Site Safety

Coordinator
o Richard Onderko - OVA Operator
o Ron Schlicher - Sampling Team Member
o Thomas Gilgenbach - Sampling Technician
o Mark Lepkowski - Sampling Technician

SOIL SAMPLING

Soil sampling from borings and test pits occurred from
October 22 through November 6, 1984. Weather conditions
during this period were variable with temperatures in the
28°F to 60°F range and work was stopped or delayed on some
days due to rain.

Soil borings were advanced using a small drill rig and
hollow stem augers. Soil samples were collected at 2-foot
intervals in each boring using standard split spoons to a
depth of about 10 to 12 feet or the water table, whichever
was reached first. Each soil sample was logged and



Table 2 (Page 1 of 2)
PHASE 1 - SURFACE SOIL SAMPLING SUMMARY, ECC SITE

Sample No.

AA

AB

AC

AD

AE

AF

AG

AH

AI

AJ

AK

AL

C6-C7

AM-SW

AO-SE

GLT360/39-1

Location Visual Classification

North ben Silty clay fill, brown, very stiff to
hard, moist

North bem

North ben

North ben

North ben

North ben

North ben

North ben

North ben

North ben

North ben

North ben

North barrel pad Surface water, red to orange color

Southwest corner Fill, Miscellaneous material and soil,
black

East of concrete pad Silty clay fill, dark brown, noist.

Field OVA
Reading

(pp« above
Background

0

0

0

0

0

0

0

0

0

0

0

0

0

50

50

Field
Laboratory

Total Volatile
Organlcs

Screen (ppm) Contents

0

0

0

0

0

0

0

0

0

0

0

0

180 Ponded water sample.

200 Appeared oil stained.

15
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Sample No.

AP-SE

N of C

Pit C

Pit S

Pit N

Location

East of concrete pad

Between lagoon and
south concrete pad

Polymer pit

Polymer pit

Polymer pit

Visual Classification

Sllty clay fill, dark brown, moist.

Sllty clay fill, dark gray to black, wet.

Silty clay, light brown, moist.

Sllty clay, light brown, moist.

Sllty clay, light brown, moist.

Field OVA
Reading

(ppm above
Background

10

50

—

—

—

Field
Laboratory

Total Volatile
Organic a

Screen (ppm) Comments

50

700 Very wet conditions, soil
appeared stained.

15

3

5

GLT360/39-2
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This left large ruts, 1 to 2 feet deep, throughout the former
drum storage areas. Standing water, generally less that
6 inches deep, was located along the eastern side of the
north drum storage area. The soil generally appeared dis-
colored or stained dark gray to black throughout the former
drum storage areas.

Several problems were caused by the unexpected wet surface
conditions. The soft, wet soil made walking difficult for
the sampling team members. High OVA or HNU readings were
noted while monitoring air quality in areas disturbed by
Chem-Waste's bulldozer activity. The major problem associ-
ated with sampling was that many of the borings would fill
with liquid; therefore, deeper soil samples would be contam-
inated by the liquid. Due to the site conditions encoun-
tered, representative samples could not be collected with
depth in borings located in wet areas. The sampling team
decided not to complete the total 90 borings proposed in the
sampling plan for this trip. Additional soil sampling will
be conducted after Chem-Waste has completed the-site cleanup
and site conditions become more favorable for sampling.

FIELD RESULTS

Two types of soil samples were collected at the ECC site,
surficial samples and boring samples. Eleven borings were
advanced in the north drum storage area (Figure 1) to assess
the depth and concentration of volatile organic contaminants.
Four borings were also advanced on the perimeter of the con-
crete pad which served as the south drum storage area (Fig-
ure 1). Surficial soil samples were collected at the loca-
tions shown in Figure 1 and summarized in Table 2. Twelve
samples (AA through AL) were collected along the large
embankment along the north and northwest sides of the site
to determine whether this material may be suitable for use
as cover for future remedial actions. Three samples were
collected in the polymer pit area (Pit N, Pit DC and Pit S)
to assess cleanup activities performed by Chemical Waste
Management, Inc. Three samples (AM-SW, AO-SE and AP-SE)
were also collected adjacent to the south concrete storage
pad. One surface composite sample (N of C) was collected in
the drum storage area between the concrete pad and the lagoon
(Figure 1).

Of the 11 borings completed in the north drum storage areas,
7 (B6, Dl, D3, D7, D9, AE-AG and AE-AH) were advanced through
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FIELD LABORATORY SCREENING

A field laboratory was set up in the EPA office trailer to
qualitatively determine whether volatiles were present in
the soil samples. Soil samples were collected in 40-ml VOA
containers with approximately 25 percent headspace. At the
field laboratory, each sample was warmed in a water bath to
a temperature of 90°F. The sample was then shaken vigorously
for about 20 seconds to drive volatiles from the sample into
the air headspace. A gas-tight syringe was used to withdraw
vapor from the headspace of the sample container. The amount
of vapor withdrawn was dependent upon the expected concentra-
tion of contaminants. A 1.0-ml volume was used for low con-
centration or relatively clean samples. A 250-ml volume was
used for samples that were contaminated with volatile organics,
based on or OVA field screening. The vapor extracted from
the headspace was then injected into the GC column injection
port of a Foxboro Organic Vapor Analyzer (OVA), model num-
ber 180. The sample was injected relatively slowly to avoid
blowing out the flame in the detector. Generally, peaks of
several individual compounds were noted during the first one
to two seconds. A short time later, a backflush peak was
then noted. To determine the total concentration of volatile
organics in the sample the corresponding
values for the various peaks were added. Depending on the
response of the initial injection, a second injection was
sometimes made for confirmation. A strip chart recorder was
used to document the response for each injection.

SITE CONDITIONS

The site conditions during the week of May 7, 1984, were
generally not favorable for soil sampling. Heavy rains the
2 weeks before resulted in wet, muddy conditions. Also,
Chemical Waste Management, Inc. (Chem-Waste) was in the pro-
cess of removing the last drums from the site. Drums had
been completely removed from the northern half of the site.
All drums had also been removed from the soil pad located
between the pond and the concrete storage pad (Figure 1). A
few drums were still stored on the concrete pad located on
the southern half of the site. In addition to removing the
drums, Chem-Waste had excavated waste material and highly
contaminated soil from the polymer pit area shown in Figure 1.

The surface soil conditions at the former drum storage areas,
both north and south of the pond, were generally wet and
very soft to depths up to 2 feet. Chem-Waste was running a
bulldozer through the wet soil in an attempt to dry it.
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SAMPLE IDENTIFICATION MATkll FOK SOIL SAMPLES
COLLECTED OCTOBO 1964 HUM SOIL BOD INGS

Boring
NuBbcr

SB-01

SB-02

SB-03

SB -04

Si-05

SB-06

SB-OB

SB-0*

Sanpla
MuaJxr

SB0102

S60104

SB0202

SB02M

SB0302A

SB0301B

SB0401

SBO403

SBOM2

SBO502

860505

S60505

SBOM1

SBOB02

SBOMS

SB0902

SB0904

Cat*
•unbar

3M»

MM

3405

3405

3405

IMS

340}

3405

3*05

3405

MM

3405

340}

3405

340S

3405
3405

3405
3405

Date
Sanplad

10-24-64
10-24-B4

10-22-64
10-22-64

10-22-64
10-22-64

10-21-64
10-22-64

10-24-64

10-24-64

10-24-64

10-24-64
10-24-64

10-24-64

10-24-64

10-24-64

10-24-64

10-23-64
10-23-64

10-24-64
10-24-64

10-24-64
10-24-64

10-24-64
10-24-64

10-24-64
10-24-64

Data
Shlppad

10-25-64
11-06-64

10-25-64
11-06-64

10-25-64
11-06-64

10-25-64
11-06-64

10-25-64

10-25-64

11-O6-64

11-06-64
11-06-64

11-O6-64

11-06-64

11-O6-64

11-06-64

11-06-64
11-06-64

11-06-64
11-06-64

11-06-64
11-06-64

11-06-64
11-06-64

10-25-84
11-06-64

Laboratory

II Corporation
Bocky Mountain

IT Corporation
Rocky Mountain

IT Corporation
locky Mountain

It Corporation
Kocky Mountain

IT Corporation

IT Corporation

Conpu/Cban
locky Mountain

Conpu/Chan
Rocky Mountain

Rocky Mountain

Rocky Mountain

Rocky Mountain

Rocky Mountain

Conpu/Chan
Rocky Mountain

Conpu/Chan
Rocky Mountain

Conpu/Chaa
Rocky Mountain

Conpu/Chaaj
Rocky Mountain

IT Corporation
Rocky Mountain
IT Corporation

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Laba

Uba

Labt

Uba

Uba

Uba

Uba

Uba

Uba

Uba

Uba

Uba

Uba

Uba

Airbill
Nunbar

655654100
655654096

655654100
655654096

655654100
655654096

655654100
655454096

655654100

855654100

655654111
855390196

855654111
655390196

855390196

855390196

655390196

855390196

655654111
655390196

855654111
655390196

855654111
655390196

855654111

655390196
655654100
855390196

on

E4912

E4913

E4914

E4915

E4928

E4929

E4934

E4933

E4932

E4931

E4935

E8077

E4930

IT*

ME4186

MEA309

HEA310

MEA311

MEA320

MEA319

MEA325

MEA324

MEA323

MEA322

MEA318

MEA317

HEA321

ME* 314

MEA315

Chain of
Cmtody

504J.97
504506

504497
504506

504497
504506

504497
504506

504499

5O4499

504502
504506

504502
504506

504504

504504

5045014

504506

504502
5O4506

504502
504506

504 S02
5O45O6

504502

5Od506
504499
50*506

CLI360/49
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classified by a geotechnical engineer and was stored in
clean, numbered glass jars with Teflon liners under the
caps. Split spoons and sampling rods were washed between
each sampling event using a two-rinse procedure consisting
of a TSP/sodium bicarbonate solution and distilled water.
Excess drill cuttings and all water were stored in a secure
area onsite. Hollow stem augers were steam cleaned between
borings. Boreholes were grouted with bentonite slurry upon
completion of sampling. All boring locations were plotted
on the site topographic map.

Organic samples from the soil borings were shipped to IT Cor-
poration in Cerritos, California, or Compu/Chem Laboratories
in Research Triangle Park, North Carolina, for analyses (Table 4)
Samples for inorganic analyses were shipped to Rocky Mountain
Analytical Laboratory in Arvida, Colorado.

Test pits were advanced using a backhoe to a depth of about
8 to 10 feet. The pits were photographed and logged by a
geotechnical engineer. Soil samples were collected with
hand augers at approximately 2-foot depth intervals in each
pit. Sampling equipment and jars were washed in the same
manner as for the soil borings. The backhoe shovel was steam
cleaned between pits. Soil removed from the pits was lowered
back into the pits to approximately the same depths from
which it was removed. Test pit locations were plotted on
the site topographic map.

Samples of soil from the test pits were shipped to IT Corpora-
tion for analyses (Table 5). Inorganic samples were shipped
to Rocky Mountain Analytical Laboratory.

LABORATORY SCREENING

As part of the sampling procedure, all samples were screened
offsite using headspace analysis techniques with an OVA as
described previously.

SITE CONDITIONS

Site cleanup activities were to have been completed before
the sampling team reached the site; however, bulk storage
tanks were being decontaminated and soil and storage tanks
were still being removed from the site. Heavy equipment and
storage tanks prevented access to TP Areas 3 and 8.



Table } (Fig* 1 of 2)
PHASE 2 - SAMPLE IDENTIFICATION MATRIX FOR SOIL SAMPLES
COLLECTED OCTOBER AMD NOVEMBER 198* FROM TEST PITS

Staple
Muafcer

TP-1 Shallow

TP-2 Shallow

TP-3 Shallow

TP-4 Shallow

TP-4 Mid

TP-5 Shallow

TP-5S Shallow

TP-5 Mid

TP-6 Shallow

TP-6 Mid

TP-6 Deep

TP-7 Shallow

Caae Date
Ntwber Sampled

3405 10-22-84

3405 10-22-84

3405 10-22-84

3*05 10-22-8*

3*05 10-22-8*

3*05 10-22-8*

3*05 10-22-8*

3*05 10-22-8*

3*05 10-22-8*

3405 10-22-84

3405 10-22-84

3405 10-23-84

Date
Shipped Laboratory

10-25-84 IT Corporation
Rocky Mountain Analytical Laba

10-25-8* IT Corporation
Rocky Mountain Analytical Laba

10-25-8* IT Corporation
Rocky Mountain Analytical Laba

10-25-8* II Corporation
Rocky Mountain Analytical Laba

10-25-8* IT Corporation
Rocky Mountain Analytical Laba

10-25-84 IT Corporation
Rocky Mountain Analytical Laba

10-25-84 IT Corporation

10-25-8* R Corporation
Rocky Mountain Analytical Laba

10-25-8* IT Corporation
Rocky Mountain Analytical Laba

10-25-8* R Corporation
Rocky Mountain Analytical Laba

10-25-8* R Corporation
Rocky Mountain Analytical Laba

10-25-8* R Corporation
Rocky Mountain Analytical Laba

Airbill
Umber

85565*100
855*5*09*

855*5*100
855*5*09*

855*5*100
855*5*09*

855*5*100
855(5*09*

855*5*100
855*5*096

855*5*100
855*5*09*

855*5*100

855*5*100
855*5*09*

855*54100
855*5*096

855*5*100
855*5*09*

855*5*100
855*5*09*

85565*100
85565*096

OTR ITR

E*901
ME*162

E*903
ME*16*

E4904
ME4165

E4905
MC4166

E4906
ME4167

C4907
ME4168

E*907

E*908
ME*169

E4909
ME4170

E*910
ME*171

E*911
MU172

E4917
ME*177

Chain of
Cuatody

50**96
50*500

504496
50*500

504496
504500

504*96
504500

504496
504500

504496
504500

504497

504*96
504500

50*497
504500

504497
504500

50**97
50*500

504*98
50*500

CLX3*0/*8-l



Tabla 5 (Pasa 2 of 2)

SanpU
Nuabcr

IP- 7 Mid

TP-B Shallow

TP-8 Mid

I?-* Shallow

TP-* Mid

TP-10 Shallow

TP-10 Mid

IP-106 Hid

TP-11 Shallow

TP-11 Mid

IP-12 Shallow

IP-12 Hid

Caa* Data
Nuabar Saaplad

3405 10-23-M

3*05 10-24-M

3M» 10-24-M

IMS 10-24-M

14OS 10-24-M

3405 10-24-M

3405 10-24-M
1O-24-M

3405 10-JI.-W.

3*OS 10-24-8*

3*OS 10-24-M
10-24-B4

JM)J 10-24-M

JM» 10-24-M
10-24-M

Data
Shipped

10-25-8*

10-2S-M

10-2S-M

10-25-M

10-25-84

10-25-M

10-25-M
U-08-M

10-25-M

1O-25-M

10-2S-M
11-08-M

10-25-84

11-08-M
10-25-M

Laboratory

II Corporation
loeky Mountain Analytical Uba

R Corporation
Rocky Mountain Analytical Lab*

R Corporation
Rocky Mountain Analytical Uba

R Corporation
Rocky Mountain Analytical Laba

R Corporation
Rocky Mountain Analytical Uba

IT Corporation
Rocky Mountain Analytical Uba

R Corporation
Rocky Mountain Analytical Uba

R Corporation

R Corporation
Rocky Mountain Analytical Uba

R Corporation
Rocky Mountain Analytical Uba

R Corporation
Rocky Mountain Analytical laba

Rocky Mountain Analytical Uba
R Corporation

Airbill
Nunbcr OIK lilt

855654100 E4«U
855t540«t ME4178

855*54100 E4«18
855t540M ME417*

855*54100 Ml*
855«540M HE4180

855454100 14*20
85M540M ME4181

85US4100 E4*21
8554540M ME4182

855*54100 14*22
855«540M ME418]

855454100 E4*23
8554540M MEA312

855*54100 E4«23

855454100 E4«24
8554540*4 ME41M

855454100 E492S
8553M1H MEA313

855454100 E4*24
8554540*4 ME4185

8553*01*4 MEA314
855454100 E4927

Chain of
Cmtody

5044*8
504500

5O44»8
504500

5044*8
504500

5044*8
504501

5044*8
504501

5044*8
504501

5044*8
504504

5044**

5044**
504501

50M.99
SO4504

50449*
504501

504504
5044*9

O.T340/48-2
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Rain for several days prior to soil sampling and on some
days during soil sampling resulted in standing water in some
areas and up to 2 feet of mud over the remainder of the site.
Soil borings planned for T.B. Area 1 were cancelled because
the soil could not support a drill rig. Test pits planned
for TP Areas 1 and 2 (refer to Figure 2) were deleted or
moved due to soft soil conditions. TP-6 was moved west
because of standing water in the planned location.

FIELD RESULTS

Nine soil borings were advanced through the south concrete
pad to a maximum depth of 12.5 feet in order to assess the
vertical extent of contamination in this area. The loca-
tions of these borings can he seen in Figure 2. Boring logs
are included in Appendix ft. A description of the material
encountered in the borings and the samples taken from the
borings is presented in Table 6. Field HNu readings and
laboratory OVA results are also presented in Table 6.

Twelve test pits were excavated in the locations indicated
in Figure 2. A summary of the samples collected from the
test pits and a description of the material encountered in
the sampled horizons is included in Table 7 along with labo-
ratory OVA results. Logs of the test pits are included in
Appendix A.

ANALYTICAL RESULTS

No inorganic analyses were run on the samples collected in
May for this subtask. Organic analytical results for prior-
ity pollutant hazardous substance list (HSL) constituents
are presented in Table 8 for Phase 1. Only those HSL com-
pounds that were detected in these samples are listed in
these tables. Table 9 lists all the organic HSL compounds
that the samples were analyzed for.

Based on Average Surrogate Percent Recover (ASPR) and the
Coefficient of variation (Cv), volatile and base/neutral
results are quantitative with one exception. Sample E7247;
the result for N-nitrosodiphenylamine is qualitative. Based
on low ASPR and high Cv, the acid sample analysis are quali-
tative. Pesticide/PCB results are semi-quatitative based on
ASPR of 71 percent and Cv of 46 percent. Dioxin results are
qualitative, the ASPR is good at 105 percent but Cv is very
high at 68 percent.



Table 6 (Page 1 of 3)
PHASE 2 - SMMAKY OF SOIL BORINGS OCTOBER 1985

Boring
NuBber

SB-01

SB-02

SB-03

SB-04

Saaple
NuBber

.
01

02
03
04
OS

O6
07

_
01
02
03
04
OS
06
07

_
01
02
-
03
04
-

05
-
01

02

Depth
Interval
Feet Below
Ground

Surface (ft)

0-0. S
1.0-2. S

2.S-4.0
4.0-5.5
S.S-7.0
7.0-8.5

8.5-10.0
10.0-11.5

0-0.5
1.0-2.5
2.5-4.0
4.0-5.5
5.5-7.0
7.5-9.0
9.0-10.5
10.5-12.0

0-0.5
1.0-2.5
2.5-4.0
4.0-5.5
5.5-7.0
7.0-8.5
8.5-10.0

10.0-11.5
0-1.0

2.0-3.5

3.5-5.0

Visual Classification

Concrete pad
Dark brown gravelly illt to red-
brown tIlly clay

Red brown allty clay, SOM gravel
As above
As above
Dark brown allty clay SOM fine
•and and gravel

Concrete pad
Coarse gravel wltb dark brown sandy silt
Red brown, sllty clay, sos* gravel
Dark brown sllty clay, seen gravel
As above
As above
As above
As above

Concrete pad
Fill - coarse gravel soew sllty clay
Red brown, gravelly sllty clay

Gray brown, coarse sand to gray brown sllty clay

Gray brown sllty clay
Concrete pad
Top 4" - gray brown gravelly silt
BottOB 14* - red brown, gravelly sllty clay
Red-brown, gravelly sllty clay

1 to 2

0
0
0
0

0
0

15
6
0
0
0
0
0

50
50
15

0
0

0

IS

6

Total Volatile
Organic*

OVA Screening
(PPB)

1,200

270

IS
2

1
2

6,250
9,000
100
7

21
7
S

12,500
6,000

2,650
9

6

500

500

Convents

Ho sample collected

Saaple sent to CLP

Saaple sent to CLP

Bottoa of boring at 11.5 feet

Saaple sent to CLP

Saaple sent to CLP

BottOB of boring at 12.0 feet

Saaple and duplicate sent to
CLP. No recovery froai split
spoon saapler

No recovery froB split spoon
sampler.
BottOB of boring at 11.5 feet.

Saaple sent to the CLP

GLTJ60/45-1
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Table 6 (Page 3 of 3)

Boring
Number

SB-08

SB-09

Staple
Nvaber

f

01
02
03
04
05
06
07

.
01
02
03
04
OS
06
07

Depth
Interval
Feet Below
Ground

Surface (ttl

0-0.6
1.0-2. S
2.5-4.0
4. 0-5. 5
S.S-7.0
7.0-8.5
a. s-io.o
10.0-11.5

0-0.7
1.0-2.5
2.5-4.0
4.0-S.S
5.5-7.0
7.0-8.5
8.5-10.0
10.0-11. S

Viiual Clasiltlcatloo

Concrete pad
Black pea gravel and coarae gravel fill
Red-brown, sllty clay, SOM fine gravel
A* above
As above
Dark gray, sllty clay SOM fine gravel
A* above
As above

Concrete pad
Pea gravel and coarse gravel fill
Red-brown, sllty clay, SOM fine gravel
As above
As above
As above
As above
As above

120
20
20
1
1
0
0

250
40
40
20
9
5
20

Total Volatile
Organlo

OVA Screening
(PP«I

10,000
1,200
500
7
2
10
2

13,000
8,750
3,300
2,800
4,500
58,750
13,500

Saaple sent to CLP

Bottoa of boring at 11.5 feet

Sample sent to CLP

Sample sent to CLP

Bottoi of boring at 11.5 feet

Notes:

GLT360/45

GLT360/45-3



Table 7 (Pa(e 1 of 3)
PHASE 2 - SUWARY OF TEST PITS

OCTOBER 1985

leat
Pit

MuBber

IP-1

IP-2

IP-3

IP -4

SaaBle
NuBber

0-6"
Shallow

Middle
Deep

0-6"
Shallow

HedluB
Deep

0-6"

Hedlua

Deep

Shallow

Hadlw

Deep

Depth
Feet »elow
Ground
Surface

0-0.5
1.0-1.5

2.0-3.0
4.0-5.0

0-0.5
1.0-1.3

2.0-3.0
4.0-5.0

0-0.5

2.0-2.5

4.0-4.5

1.0-2.0

2.5-3.5

5.5-6.0

Vlaual Claaalflcatlon

Total Volatile
Or(anlca

OVA Screening
____________________________ (PP»)

Dark brown cobble fill with allty clay 290
Reddlah brown, aandy, allty clay, acaw fine to Bed. 1.400
(ravel, nuBeroua (ray varl(atlona and pore channela,
Baaalve to aubblocky atructure (weak), ao»e piety
atructure nearer aurface.
Aa above. 3.5
Aa above fros 4 to 4.5* with awd. brown allty clay con- 18.5
talnlng aoae aand and (ravel froei 4.5 to 5.0', water at
appro*. 4.5'.

Coarae (ravel fill 12
Reddlah brown, allty clay with aoaw aand and (ravel, 40
Bottled and varlgated (ray and reddlah brown. Coarae aand
In the northweat corner of the teat pit.
Aa above without coarae aand. 2
Aa above. 15

Dark (ray-brown, coarae (ravel fill with a allty clay 400
binder.
Reddlah brown allty clay, deep reddlah brown atalna on 1,000
fracturea and joint>, platy to aubblocky atructure (atron().
Aa above except Baaalve to weak aubblocky atructure with more 500
even (ray-brown aottlln( or variation.

MedluB brown, allty clay with aand and (ravel, Bed. aubblocky 3,100
atructure.
Aa above with gradual tranaltlon to reddlah brown, allty clay, 4,200
Bottled or varl(ated gray and reddlah brown.
HedluB brown allty clay. 2,600

Coenenti

Saaf>le aent to CLP

Staple aent to CLP

Saaple aent to CLP

Saaple aent to CLP

Saaple aent to CLP

CLI360/44-1
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I
TABLE B

SOIL ORGANIC RESULTS <m/k|>
PHASE I SAHPLINB
EEC Siti TN 3-4

SURFACE SOIL SAMPLES FROM
NORTH ANDNDRTHCST EMBANKMENTS SUFACE SOIL SAMPLES SOIL BORING SAMPLES

SMpIt Local ioni
Dtpth (Mil

htt Suplcdt
OTRNMbiri

VOLATILE
COmMS

1. 2-DICHLOROnHANE
ti 1( 1-TRIOUROETHANE
1. 1-01CHLOROETHANE
OUROFOM
TRAN5-1, 2-OIOUKETHEKE

$&*&****
NETHYLENE CHLORIDE
OLOROCTHANE
TETRACHUWETHENE
TOLUQE
TRICHLOROEllOC
VINYL CHLDRIDE
ACETONE
2-BUTANONE
4-KTHYL-e-PENTANDNE
STYRENE
TOTAL IYLENES
TOTAL VOLATILES

ACIDCO«U€S
2, 4-DIIETHYLPHENOLPtea.
BENZOIC ACID
2HCTHYLI«)a
4-METHVLPHENOL
TOTAL ACIDS

BASE/NEUTRAL COMPOUNDS
1, 2, 4-TRICHUMKNZENE
t, Z-DIQLOftDBENZENE
I, t-OICHLOMKNZENE
1, 2-DIPHENYLHYDRAZINE
HEIACHLOROGUTADIENE
ISOPHDRONE
NAPHTHALENE
NITROBENZENE
«-NITROSOOINETHYLAMINE
IHIITIOSODIPHENYLANINE
N-NlTROSODIPROPLVmiNE
BIS (2-ETHYLHHYLI PHTHBLATE
BENZYL BUTYL PHTHBLATE
DI-N-BUTYL PHTHALATE
DI-M-OCTYL PHTHALATE
DIETHYL PHTHALATE
DIMETHYL PHTHHLATE
TTtflWl Inttrt

2HCTHYLNAPHTHALE)C

TOTAL B/tfi

AA AC AE M AI AK AL M-SU AD-SE AP-SE
M.5 M.5 M.3 M.S M.S M.S M.3 M.S M.1 M.S

5-«-» 5-*-« 3-«-« 5-»-M 5-4-M 5-4-M 5-»-» 5-»-M 5-4-M 5-J-W
E-72« E-72« E-7246 E-72« E-72« E-72« E-72M E-7255 E-72SI E-7232

(76MI

JMM

2£2M
M II 11 » a 5* 51 515MI
71

M1MM
TJiiii

2K421MM

1UMM
1SI 11 11 21 21 31 52 1172MM

36tMlatMK
931N
52MI

1 1 1 1 1 1 1 1991M

133MK
6t£MK

M 419MK
3I3MK

M 14M

23* M MK MK 7SS2M
12B2M1

679M
II K 127BM

72MK
24i M 1 M 1481 M 1 23%BM

2M
175M

5M
7S7N

6Mzm
371

1WM
ISM
MM

3i3M
52M

'•"731"
ISM

175BU

72M
11MK

1S2M

31SN
337M
5M
S7I

ISM
7M
99M

12M
413M
425M
UN

2*1471

193SN
7Mra

ISM

2SM
«M

2M

2K43I

1

17M

17M

N OF P N OF PD AN PE-AH
M.5 M.S

5-9-W 5-9-M 5-»-M 5-9-44
E-7253 E-7254 E-7256 E-7257

74I14M

1212M
I4IM
&172M
U7IN

MM2M

2£MK
7I7M

157E93M

3676M
SI3MK
179MK

SIMM

38%M
3341M
57NN

AW2W
2K3M

7746M
dMUUCVrMV

K 7KMK

1I4M
33S93M

431MM

514M
12MM
625M
(74M

2M6M

22MK
34SM

!7%2M

IBMK
447M
1426N
53S6M

12132M

49M
3337N

44M M
557NK

68S9M
366M
79M
S4M
3SMIK

449MK
17772M

41
M
21

1M

11

U

291

16MK

1&M

97»K

971

4MM

9M
14M

13IM
MM

147M

5M
17M

S51M

245N
282N
2MM
£7M

I413M

M1N

417M
261M

2919M
BSMI
143M
S9M

4&M
68M

S&S4M

KS5-9-84
E-7258

27MM

12M
SB49M

3SM
23MM
273Mturn

19M
&33M

7793M

13MI
K

2I9M
367M

2I36M

2527M

S93M
AAA^Ml^VOOTV

4581M
268M*
1123M
22£M

254M
K S51N

1UI4M

tfs ,Se
5-«-M 5-»-84
E-7259 £-726*

12U2M
MBM
MM

ISStM
655M

UMM
47«7M

21357*

992M
76M

M2£M
S7331M

114M
K 13MM
K SIMM

754M

216MM
4MX

47MM

3BMtN
1MMM

13MM
S2WM

635M*
176M

12MM
QAdUMft3 |̂MJ

7441M
QfcAAMTm^w

I37SM*

B%M
296M
I38M

U7M
4GB97M

119MI
23M
31MI

I738W

1I9M*
172M*

122«M
9MM

i2SM»
6I8M
11«M
34MI

earn
3I8M

saasw

NOTE: raOHTRflliONS REPORTED (M A DRY HEIGHT BASIS - SAMPLES ANALYZED FOI ROUTINE OREANIC PAQUEE, BUT ONLY DETECTED COMPOUNDS ARE LISTED - FOOTNOTES BlttN ON FOLLOWING PASE
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TABLE 8
SOIL ORGANIC RESULTS (u|/k|)

PHASE I SANPLINS
ECC Sitt TH 3S

SURFACE SOIL SAMPLES FROM
NORTH AND WIDttST EMBANKMENTS SURFACE SOIL SAMPLES SOIL BORING SAMPLES

Saiple Location)
Depth (ft) t

Date Saepltdi
OTRNua&tri

PESTICIDES

DELTA-BHC
GAMMA-BHC ILINMNE)
HEPTACHLOR
ALDRIN
ENDOSULFAN I

DIEUMIN
4, 4-OOE
ENDRIN
ENDOSLLFAN II
4, 4-OM

ENDRIN ALDEHYDE
ENDOSULFAN SULFATE
4, 4-DDT*
METHOIYOtOB
DtORDANE
TOIAPHENE

TOTAL PESTICIDES

PCTi

AROOi.OR-1116
AROCHUM-1232
AROOiOR-1248

TOTAL PCS1!

AA AC AE A6 AI AK AL AN-SM AQ-SE AP-5E
M.5 M.5 M.5 M.5 M.5 M.5 M.5 M.5 M3 M^

5-4-84 5-8-84 5-8-84 5-8-84 5-8-84 5-8-84 5-8-84 5-9-84 5-8-64 5-8-64
E-7244 E-7243 E-724& E-7247 E-7248 E-7249 E-7251 E-7255 E-7251 E-7252

41

11 451 141

191

71 5N

71 1 1 1 1 11 1 451 1 171

• I l l l l l l l l

NOF P

5-9-64
E-7253

83*4

21
631

IMM

12IM
4MI

289M

27N
IMM

77651

1UM
162N
IMM

378M

N OF PD
5-9-84
E-7254

761

21
721

63M

94N
33M

21MI
23M

43BM

1

AN AE-AH
M.5 M.5

5-9-84 5-9-84
E-7256 E-7257

11 91

1M
671

41 13M

SI 2161

1 1

AE-A6
5-9-64
E-7258

261

91
21

111

111
IMI

28M

4471

I

B-6 D-7
M.5 1.5-2

5-8-84 5-8-64
E-7259 E-72M

171 541
171
211

7M

I12M
HIM
59M

2MM
19MI

32M 36MI

3911 114441

.

I I

DIQXIN
2,3,7,B-TnilACHUllU)IIBCIHH)IO«N 7.6 6.1

PERCENT MOISTURE u.u i4.u ua» II.M11.4* ia u.w it.w 13.5* u.» 4«.i* 3B.5« IB.W 13.5* 15* 29.a 21.6*
FQODOTESt

A. TmUtivtli idtntifitd coipound corctntritioni wt tttiMtnl. A Itl rtspomt it nuitd.
lit tht liboritorjr blink u Mil u tht s^plt. IndiNtet probablt

C. Applitt to pttticidt wiMtin rfttrt tht idtnticicition h« bttn confintd tij 6C/MS.

.
B. Araljti hit bnn found

.
J. Indicitti M Htiuttd vtlut. Uhtn uu sptctrtl dita indicittt tht prtftnct of i coxxxirid that Mtti tht identification crittria

and tht mult if Ins than tht iptcifitd dtttction lint but irtatw than itro.
K. Actual value, lithin tht liiitatiom of tht Mthod it liu than tht value liven

NOTE: CONCENTRATIONS REPORTED ON A DRY UEICHT BASIS - SAMPLES ANALYZED FOR ROUTINE ORGANIC PACKAGE, BUT ONLY DETECTED COMPOUNDS ARE LISTED - FOOTNOTES GIVEN ON FOUOUING PAGE



Table 9 (page 1 of 4)
CLP ORGANIC HSL LIST

ECC SITE

Constituent

ACID COMPOUNDS

2,4,6-trichlorophenol
p-chloro-m-cresol
2-chlorophenol
2,4-dichlorophenol
2,4-dimethyl phenol
2-nitrophenol
4-nitrophenol
2,4-dinitrophenol
4,6-dinitro-2-methyl phenol
pentachlorophenol
phenol

BASE/NEUTRAL COMPOUNDS

acenaphthene
benzidine
1,2, 4-trichlorobenzene
hexachlorobenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene
1.2-dichlorobenzene
1.3-dichlorobenzene
1.4-dichlorobenzene
3,3*-dichlorobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
4-chlorophenyl phenyl ether
4-bromophenyl phenyl ether
bis(2-chloroisopropyl)ether
bis(2-chloroethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadiene
isophorone
naphthalene
nitrobenzene
N-nitrosodiphenylamine

GLT360/43-1



Table 9 (page 2 of 4)

Constituent

BASE/NEUTRAL COMPOUNDS (continued)

N-nitrosodipropylamine
bis (2-ethylhexyl)phthalate
benzyl butyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
chrysene
acenaphthylene
anthracene
benzo(ghi)perylene
fluorene
phenanthrene
dibenzo(a,h)anthracene
indeno(1,3,3-cd)pyrene
pyrene

VOLATILES

acrolein
acrylonitrile
benzene
carbon tetrachloride
chlorobenzene
1,2-dichloroethane
1,1,1-trichloroethane
1,1-dichloroethane
1,1,2-trichloroethane
1,1,2,2-tetrachloroethane
chloroethane
2-chloroethylvinyl ether
chloroform
1.1-dichloroethene
trans-1,2-dichloropropene
1.2-dichloropropane
trans-1,3-dichlorpropene
cis-1,3-dichloropropene
ethylbenzene
methylene chloride

GLT360/43-2



Table 9 (page 3 of 4)

Constituent

VOLATILES (continued)

chloromethane
bromomethane
bromoform
bromodichloromethane
fluorotrichloromethane
dichloridifluoromethane
chlorodibromomethane
tetrachloroethene
toluene
trichloroethene
vinyl chloride

NONPRIORITY POLLUTANTS HAZARDOUS SUBSTANCES

benzoic acid
2-methylphenol
4-methylphenol
2,4,5-trichlorophenol
aniline
benzyl alcohol
4-chloroaniline
dibenzofuran
2-methylnaphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
acetone
2-butanone
carbondisulfide
2-hexanone
4-methyl-2-pentanone
styrene
vinyl acetate
o-xylene

PESTICIDES

aldrin
dieldrin
chlordane
4,4'-DOT
4,4'-DDE
4,4'-DDD

GLT360/43-3



Table 9 (page 4 of 4|

Constituent

PESTICIDES (continued)

a-endosulfan
b-endosulfan
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide
a-BHC
6-BHC
6-BHC
Y-BHC (lindane)
PCB-1242
PCB-1254
PCB-1221
PCB-1232
PCB-1248
PCB-1260
PCB-1016
toxaphene

DIOXINS

2,3,7, 8-tetrachloro-dibenzo-p-dioxin

GLT360/43-4



MEMORANDUM
Page 9
May 31, 1985
W65230.C3

Inorganic analytical results for soil samples collected dur-
ing October and November 1984, are presented in Tables 10,
11, and 12. Quality assurance (QA) reviewers indicated that
the results were quantitative with some exceptions. Sample
results of lead and chromium for samples ME4162 through
ME4185 (Table 13) are considered qualitative because there
was imprecision in reproducing results in duplicate samples.
Results for calcium, magnesium and zinc are considered semi-
quantitative because there was some (4 to 15 percent more
than allowable) imprecision in reproducing results in dupli-
cate samples.

Inorganic results for antimony, cadmium, and lead are consi-
dered semi-quantitative for samples MEA309 through MEA325
and ME4186 (Table 11 and 12), based on recoveries of spiked
samples. Reported results for antimony and cadmium may be
biased low by about 15 to 35 percent. Results for lead may
be biased high by 20 to 40 percent. Results for selenium in
these same samples are considered qualitative because spike
recoveries are 30 to 50 percent low.

Organic analytical results for Phase 2 soil samples are
presented in Table 13, 14, and 15. Phase 2 soil organics
were analyzed in three groups and there is a review for each
group. Dioxin was not analyzed for in Phase 2.

The first review covers organic traffic report numbers E4901
through E4915. Based on Average Surrogate Percent Recovery
(ASPR) and Coefficient of variation (Cv) the volatile, acid
and base neutral results are quantitative. Several volatile
laboratory blanks had acetone, 2-butanone, trichloroethene
and methylene chloride contamination. The affected sample
result are marked with a B after the result. Pesticide/PCB
results are qualitative based on ASPR and Cv.

The second review covers samples E4916 through E4930. The
laboratory failed to meet required holding times for all
volatile and Pesticide/PCB samples. Samples E4917, E4922,
E4926, E4927, E4928, and E4930, the acid, base/neutral sam-
ples were not analyzed within required holding times. Based
on ASPR, Cv, and failure of the laboratory to meet required
holding times, the results are semi-quantitative.

The last Phase 2 organic review covers samples E4931 through
E4935 and E8077. Acetone and 2-butanone were found in some
laboratory blanks. The affected sample results are marked
with a B after the result. Based on ASPR and Cv, volatiles



TABLE II
SOIL 1NOR6ANIC RESULTS <n/k|)

TEST PITS
SHUOM DEPTH SAMPLES

ECC Siti TN 3-4

S**li Location)
Di»th (ft))

Dat* Sawltdi
ITINurttri

INORGANIC
COMPOUNDS

ALUHIMJI
ANTIMONY
ARSENIC
BflRIUH
BERYLLIUM

CADMIUM
CHXIIM
CHROMIUM
COBALT
COPPER

IRON
LEAD
CYANIDE
MAGNESIUM
MAN6ANESE

MERCURY
NICKEL
POTASSIUM
SELENIUN
SILVER

SOOIUN
THALLIUM
TIN
VANADIUMznc
PERCENT SaiDS

TP-1
1-J.3

H-22-M
K4162

£65*

ikl(it)
4.1

6S1M*
35 t

[1.11
3S

I67N

ft*
194*1 »

431

(2*1
(129*)
a si

(211
(221
121 i

78*

TP-2
H.5

11-22-M
NE4164

9991

(73!
(I Ml

79511
22 •mi
31

27*8*
13i

5791 1
US

37
[15711

(MSI

32
91 <

M»

TP-3
1-1.5

11-22-M
ME4163

44BM
5,6

(2M1
[3.91

126MM
116

(51)
1(7

147IN
7.1

29cH(
2BM

[1M1
(IBM!

(1SUI)

(1ST)
477
9n

TM
1-2

11-22-M
NE416&

MM

[5,91
[651

(1.471

(2SM1 •
15i

[6.51
[131

153M
It §

[2KI1 i
473

(12)

(211
(221

43 t
85*

TM
1-2

11-22-M
NE41U

4721

9.7
(42)

HIM t
15i

0.1)
11

ISM
9.1

2MNt
3K

(11)
(11611

(1271)

23
[161

41*

BM

TM
2-3

11-22-M
K4169

4171

li
(45)

(1.371

lMt?:ls-!i
1S1N

12

327*

(191
(1361)

(163*1

(17)
X t

9tt

TP-6
1-2

11-22-M 1
ME417I

1311

11
(121

(1.431

23MI i
93*

^
155M

142 t
I.N
UMi
299

(14)
(IMll

(24)
164 t

in

TP-«^3
*-22-M
HE4I71

71M

7.4
1371

(1.4)

^,
131 t

(121
77

1UM
393*

HIM*
(241

(13)
(9K)

—usr-
33

317*
1M

TP-7
1-2.3

11-23-M
NE4177

4951
7.7

(111

93211 *
42*

t6.ll
31

134N
133*
2.9

415*1 i
36*

(3.11
(21211

(131
232 *
M>

TP-1
1-2.5

11-24-M
NE4179

5631

11
(311

11MM*
13*

(Ml
21

I62M
21

351M*
371

(111
(1141}

(191
73*

17*

TP-9
1-3

11-24-M ;
N£4I11

3291

ti
1 1,791

4.5
5*1N *

44 *
(&.1)

21

I19N
133*

I95M*
151

(111
[11911

""BW""
(241
(151
122 •

76*

TP-ll
1-3

11-24-M
K4I13

1311

(4.1)
(119)

(1.561

767M >
53*

U.3)
39

193N
189*

224N*
417

(22)
(13N1

(221
(241
651 *

M(

TP-ll
1-2.5

11-24-M
NE41M

1KN

1691
(1.671

3111 *
23 *an
25

236M
11

3MI*
119

25
(1*411

33
82 >

91*

TP-12
».5-3
l*-24-M
IC4185

S9M

1.9
(491(i.m

IMtM *
14 *

(6.61
21

17*M
19

299N >
324

(211
(141*1

(191
59 •

9t*

FOOTHJIlSi
E- Vain ii ntiiatid or not rtforttd dM to tht prturc* of intirfinic*.
*- Dgplicitt analyiii ii not Kithin control lititt.
*- Corrtlation cotfficimt for »tnod of ftaniard addition i* 1m than *. 995.

(1- Pwitivt valim 1m than tht contract rtqvirtd dtttction liait.

KlTEi CONCENTRATIONS ARE REPORTED ON A DRY *I6HT BASIS -



TABLE II
SOIL INORGANIC RESU.TS (n/k|)

TEST PITS
INTERMEDIATE DEPTH SAMPLES

EEC Sitt TM 3-4

Swell Locationi TM TM TP-6 TP-7 TM TP-9 TP-lt TP-II TP-12
Ottth (ft)i 4-5 2.5-3.5 4-5 2.5-4 2.5-4 3-5 3-5 3-3 3-5

Ditt Savlidi 11-22-84 lt-22-84 It-22-84 It-23-84 11-24-84 11-24-84 It-24-84 11-24-M It-24-84
ITINwteri HE4163 NE4167 NE4I72 NE4178 NE4IM NE4182 NEA312 NEA313 NEA314

ALUNIMM
ANTIMONY •
ARSENIC
MIIIUN
KXYUIl*

CADHIW
CALCIUM
DNMIIM
COBALT
COPPER

IRON
LEAD
CYANIDE
NASNESIIM
MANGANESE

NEHQJRYNina
POTftSSlUt
SELENIUM
SILVER

SODIUM
THALLIUM
TIN
VANADIUM
2INC

4621

^aa

TIlNi
13 t

C7.H

. 'TS
23MI*

35Z

[17]
[9351

(11M1

[171
53 •

132M

a
137

U.741

5K«*

t,i?f
27

315N
ISi

374«*
7N

X
I1I4I]

(3.B1

*
Nt

792»

(4.91
1731

(1.51
4.9

&3MM
145 t

"8
"3.
I23M<
U7I

(151
[11311

t4M

37
571 1

5171

14
[431

vm*
I2i

U.71
19

1S£N
54

1%
267Nt

479

(131
[1I9U

[191
62 «

467«

(861
(21
27

ITSMi
4|t

[9.41
38

145M
1421
4.4

253MI
295

[231
[13911

[211
(171
613 t

5151

7.5
(471

(t.431

2.9
977M t

12*
(7.11

It

15BM
IS

274M i
379

(171
(12611

[171
62*

9971

13
(631

(1 411

38Ma
(in

22

221M
12

3111
2*4 *

(241
U9M1

(U41

31
Tt

52M
(6.11

(481

113MI
13

(LSI
21

174M
7.7

279N
413*

(211
(17M1

(15611

(191
S3

5*41

6.2
(461

1UN
IS

(111
21

I6SN
6.7

257M
389*

(191
C1SN1

(19111

(211
51

PERCENT 5O.IDS_______Kt_____t»_____83_____W»_____7W_____93*_____Kt_____M t/»

FODTNOTESi
E- Vjlut ii tftiiatid or not nfortHl din to tht pmtnct of inttrftrwct.
*- Dupliciti analytii it not niihin control liiitv
«- Corrtlitic* cotfficitnt for «thod of itandard addition it 1m than 1995.

(1- Potitivt valm IMI than tht contract rm«ind dtttction liiit.

NOTEl CONCENTRATIONS ARE REPORTED ON A DRY HEIGHT BASIS -



TABU 12
SOIL HMINB INOR6ANIC RESU.TS

ECC Sitt TN 3-4

INTERMEDIATE BORINGS DEEP BORINGS
Sawlt Location) SB-11 SB-t2

Dwth (ftli 2.5-4 2.5-4
Datt Sawlid) 11-24-64 11-22-M

ITR Nwbn-i NE4186 NEA31I

INORGANIC
CCMPOUMDS

AUMINUN
ARSENIC
BARIUM
KRYLLIUN
CADNIUN

CALCiUN
OflBNIUN
C08H.I
COPPER
IRON

LEAD .

NPNEflNESENICKELPOTASSIUN
SILVER
SODIUM
TIN
VANADIUM
ZINC

3261
(4.91

(351

IS
(51
23

16IM

7.2
264N

2B9 •
(13]

I14M]

(1591

(211
51

4SM

12
(111
It

I53M

9.3
2B6N

344 i
(151

(16311

(9441

(161
47

SB-44 SB-45
2-3.5 3-4.5

11-24-44 11-24-64
NEA32I NEA32S

6661
1.5

(541

(111
25

19BH

11
273N

451 t
23

(1751]

(16411
31

(231
69

4651
II

(541
(.311

13
(111

21
192N

26

[191 *
(15511

(11911
19

(111
54

SB-45 SB-4S
3-4.5 2-13

11-24-64 11-23-64
NEA324 NEA31I

3141
(4.61

(491

12
(9.61

21
161N

3.6
llUMJV^W

314 i(iai
[1751]

(9M1

(2,!
66

Sill
7.1

(351
(.361

(6.61
21

144N

13

(111
(16411

(12911

(191
53

SB-4* SB-19
2.5-4 2.5-4

11-24-64 11-24-64
NEA317 NEA316

6541

(.371
4.4

It

"H
2KN

2S7M
411 t
24

(21311

a 31
(I4N1

(231

33M
II

(321
[.3t]

14
(9.51

29
164M

7.7
341M

316i
(131

(1451]

(13911

C2I1
56

SMl SB-42 SB-44 SB-45 SB-45 SB-M SB-49
15-7 5.5-7 5-6.5 7.5-9 7.5-9 7-6.5 3.7-7

11-22-64 11-22-64 11-24-64 11-24-64 11-24-64 11-24-64 11-24-64
NEA3I9 NEA311 MEA319 NEA323 NEA322 HEA321 NEA315

SIN
6.5

(111

4.1

""li'ttli""

(6.51
1S1N

6.5
274M

555 i
(211

(149N

(6731

(191
47

41N

143M

26*1
3341
IS

(1621]

(3361

1151
56

4371
[4.61
(311

164N
7.1

295M
337»

(191
[1631]

(1431]

(171
44

34Nan(2n

132N

246M
285 t

(131
(12411

(963)

"11

3391
(4.51

(291

(6.g
I38M

267N
445 i

(151
(12M1

(11N1

(151
(361

4421
5.5

1S1N

7.1
343M

319 t
(161

(15911

(12111

(151
41

6641
IS

(441
(.391

2I7M
17

2I3M
391

(161
(1191]

(1191]

(221
65

PERCEHT SOLIDS II* tat 9H 9H 91* 92t 9» 93S 92* Sit 84*

FOOTNOTES:
E- Valtt if Mtiutid or not rmrtcd dm to tht prttmt of inttrfinnct.
t- Owplicati anilnit it not Mithin control liiitt.
t- Corralation cotfficimt for Mthod of standard addition ii In* than 1.995.

(1- Po»iti« valm Itu than tht contract ns«irad dtttction liiit.

NOTE: CONCENTRATIONS REPORTED ON A DRV WEIGHT BRSIS



MEMORANDUM
Page 10
May 31, 1985
W65230.C3

are quantitative except results for acetone and 2-butanone.
There were calibration problems for these compounds. Pesticide/
PCS data is quantitative based on ASPR and Cv. Base/neutral
and acid sample results are quantitative based on ASPR, Cv,
and calibration check results.

Organic analytical results for Phase 2 soil sample are pre-
sented in Table 13, 14, and 15.

No effort has been made to interpret these results. Evalua-
tion of the analytical results from soil samples will be
performed in Task 4 of the remedial investigation (RI) and
presented in the RI report.

GLT360/25



TABLE II
SOIL ORGPNIC RESULTS <<u/k|>

TEST PITS
SHALL* DEPTH SAMPLES

ECC Sitt TH 3-4

SMO!I Locitimi
toth (ft) i

D*tt Swltdi
OTRNwteri

WLATILE COCOICS
OtOROBEMZEK
I, 1, 1-TRI(XOROETHPN£
1, 1, 2-TRiaUHOETWINE
1, 1-BICH.OROETHENE
TfcflNS-1, 2-OIOUMOETICIC
ETHYikMENE
CTHVLEK OUMIDE
TETRACHLOROETHENI
TOLUENE
TRIDLOROETHENE
VINYL OUMIDE
KETDC
2-BUTANONE
4HtTHYL-£-PEMTA*NE
TOTAL IYIDCS
TOTAL VOC1!

ACID COMPOUNDS
PHENOL
2HCTHYLPH0O.
4-*ETHYLPH00.
TOTAL ACIDS

BflSE/HEimiAL COMPOUNDS
1, HUOiOROBENZENE
ISOPHDHONE
NAPHTHALENE
BIS(2-ETHYU«YL)P«THflLATE
BUTYL BEN2YL PHTHPLflTE
DI-H-BUTYL PHTHPLflTE
DI-M-OCTYl PHTHPLflTE
DIICTHYL PHTHRLflTE
aUORDC
PHENANTHREIC
ZHCTHYLmPHTHALDE
TOTAL B/H COMPOUWS

PCTi
MtOQiOR-1232nmoioR-izu
TOTAL PCTi

TM TP-2 TP-J TP-4 TP-3 TP-S TP-t TP-6 TP-7 TP-B TP-9 TP-ll TP-ll TP-tf
t-I.S 1-1. J 1-1.5 \-Z 1-2 2-3 1-2 2-J 1-2.5 1-2.5 1-3 1-3 1-3 1-3

11-22-M II-22-M lt-22-M 11-22-M lt-22-M lt-22-M 11-22-M 11-22-M 11-23-M ll-2*-M 1*-J4-M 1I-J4-M l»-2*-84 ll-^-M
E49I1 E4X3 E49M E4985 t*9»7 E*9U £««9 EMU E491& E491S E4«i E«922 E4%4 E4326

361
5UI

79
2M

S3B 211 2BNI S2IB 2SI B
?J 2SM 571

1£M U
34MB 2MB 5M

5MMI 39«tl 76M
37BM 1 33MI 1 13M
KM 25M 991

1MN
IK 21 1I77M 97331 22597

1 1 1 1 1

• ISM 24M
271 J UN 17M

18M
ISBN 57M
ISM

69*
21M ISM

451
21M

21471 1 UN 14641 17M

34IC
971
971 1 1 341 1

11MBM 13MM
3SMBI

12MMB 9
21 B SSNM 21MB 1SMWB

14MM B 251 B 29M S3 3IMN 76
&5MM I1M 7MM S

( ItMMB 27Mt 2MMM
4MMM B MM U 1SBMB IS

£2 B9M 17MB &5MM
151 13MB 24MB 2MMM
52 ....... 3M 12MB J9MM

2NNN I2NM bMMM

291 IB5B5MI 22451 231MB 67 14U4MB IN

57MM
S3MB

B 623MB 1 1 B 1 1

9MMB 241 3GMB 3MB
44MM 471 151
1MMB 6MM 71B 7MM
37MM 12M 61MB 63M S9MB 27MB

47M1 3SM 951
KM 9M

341

BIN

1 II9MN 1441 2122N IS12B 1451N 297N

39MB 751
1 • 1 B B 39MB 751

64M
551
24*

131 16N
29B
%

12MB
12MB

131 3469B

1 B

341

• 34«

1 B

NOTE I COOMTIHTiaNS ARE REPORTED ON A DRY yEIGHT BASIS - SAMPLES ANALYZED FOR ROUTINE OR6PNIC PACKAGE, BUT ONLY DETECTED OWOJOS ARE LISTED - FOOTNOTES GIVEN ON FDLLOUINB PAEE



Supli Location:
Depth (fth

Date Supltdi
OTR

TP-1
1-1.5

11-22-84
E49«

TP-2
t-1.5

1I-22-84
E49I3

TP-3
1-1.3

lt-22-84
E49M

TM
1-2it-22-44

E49B

Tflftf 13
SOIL ORGANIC K9J.TS («t/k|)

TEST PITS
SHAUJM DOTH SflNUS

EEC Sitt n 3-4
TP-6

1-2
11-22-M

TP-6
2-3it-ea-w

E491I

TP-7i-es
l»-23-«4

E491&

TP-8
1-2.5

11-24-M
E491S

TP-9
1-3

E492I

TfHt
1-3

11-24-M
TP-11

1-3
lt-24-M

1-3

E4926

TENATIVELY
IDENTIFIED COUPONS

ETHYLKNZEIC
IMECPJC

37IM

NONRtC
DECffC S9M

ETHVLBENZENE fiM
TRIDECMC
PEKTADEOtC

2IM
24IM
35M
95M

27HM

'iiiii'
OCTAOECMC
SULfUl .
TOUBC

12NI

MM
47N

47N

TETRAOLOROEnDE'
MTHAU4TE
BUTYL (HUEOLVE
t-SWYL PLOML
PtCNVLEDCR

S5M
61

2, 6-IISI 1,1-DIICTNVUTHll)-
2,S-CniOICIPDIDC-l,HIIK

2,6-II3(l,HIII€TH»l£TmLi-
HCTmUKNDL

3, 3, S-TRHCnflLCYOlMEUiaC 1M

12H
47IM

ACID
feiAMoic'AC'ib
tIETHYLETHEl 6M

2-HJTAtUL
KMAOECffC 27WM

iwmiic'Acib"""""""
TXIBC ,̂ HUISOCWNATE
2, 4-BIICTHn.-3-PENTAIOC
TtTRADECAIC
MKCPNE

-

l-KTHVl-2-PYRiaiDUaC
LAUR1C ACI1

7IM
1MI

PERCENT NDISTURE 19.2 15.1 11.1 16.1 S.7 19.1 13.5 19.8 15.4 26.1 15.1 13.8 11.3
FUlIMITESi

A. Ttntativtlr idcnkifiid co*Mxml cactntritiora art ntiuttd. A til mponw if
Awljtt ha* been fount iiTlht laborator; blank u Mil n thi uwlt. Indicattfjrolubli

C. flpplin to pe»ticid« ftritttm rfwrt th* identicication hat bm confined by 6t/MS.
J. Indicates an eitiiated value. Him HU spectral data indicates the presence of a coNxwnd that Mets the identification criteria

and the result is less than the specified detection lieit but ireater than itro.
K. Actual value, »ithU the liiitations of the •thod ii Ins than the valie liven



TASLE 14
SOIL ORGANIC RESULTS (»u/k|)

TEST PITS
INTERMEDIATE DEPTH SAWU5

EEC Siti TH 3-4

Suplt Locitioni
DittsUlid!

OTR Hubert

TP-l
1I-22-44

E49K

TM

E49K EMU

TP-7
I-2H4
Mil

TP-4
t̂ i*

E4919

TM
-I&4
E4921

TP-ll
-I&4
E4923

TP-1J
*4v«
E«S

TP-12
4&4
E4327

VOLATILE

DLOROBENZENE
1. I, 1-TRKHOROETHPNE
1, 1. 2-TR1CHLOROETHANE
1, HHCROROETHENE
TRAN5-I, 2-DIOtOROETHENE

rm ISM
£2
47

ETHYLBENZENE
NETHYLENE OiORIDE
TETRACHLDRQETHENE
TOUBC
TRICHLOROEDOC

17 161 It
2MM

IBM

ISM
2SMI
ISM*
UMI

111 59 (7
121
K

VINYL CHUMIDE
ACETONE

,2-BUTANONE
4-HnHYL-2-PENTIM»E
TOTAL IYLENES

53M* MM*
I7M*
13M*
41M*

S3

TOTAL \fflC1* It IK 2732M 3156M 131 67 3619

ACIOOMOMS
PtfMOL
2HCTHYLPHQO.
4-CTHYUHENDL
TOTAL ACIDS J*»

BASE/KarrWL COMPOUNDS

iysssr™0'
NAPHTHALENE
I1S(2-ETHYUEIYL)PHTHPLATE
BUTYL BENZYL PHTHBLATE

DIHHUTYL PHTHPLATE
DIHHCTYL PHTHPLATE
BIHTTHYL PHTHPLATE
aiORENE
nvMWTnRlC
JHCTHYLNftPHTHftLENE

TOTAL B/N>i

PCB1*

ARXaOR-1232
AROCH.OR-1261

TOTAL PCTi

MM 24M

JIM
77M 26M

V*

1 142M 55**

sue

1 SM 1

89*

641
6M

261
351

19M

4721

•

17MI
I2MI
25M*
59M

39M

13M

631

1417SI

17M

17M

1 1 1 1

• I I *

NOTEi CONCENTRATIONS REPORTED ON A DRY UEIGHT BASIS - SAMPLES ANALY2EO FDR BO/TINE ORGANIC PACKAGE, BUT ONLY DETECTED COMPOUNDS ARE LISTED - FOOTNOTES GIVEN ON FDLLOUING PAGE
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TABU 13
SOIL BORINB ORBAMIC RESULTS <m/kt)

ECC Sitt TM 3-4
1NTEIMDIATE BORINGS DEEPBOR1NBS

Saeli Location)
Dwth I f t l t

Dttt Supltdi
OTR Nwbtrt

VOLATILE
CONPOUNDS

li 1. l-TRICHLOROETHRNE
1. 1-DIDUROETHANE
1,1,2-TRICMUlROETHINE
li 1-IICaOROETHDC
TRmSM, ^biotOKETHEME
NETHYLENE CHLORIDE
jEtJgKUMEWE

TRICHLOROETHENE
ACETONE
2-BUTANONE
2-HEIANONE
TOTAL lYLDtS

TOTAL VOC*t

flCIDCOMPOUMH
PHENOL
2-NETHYLPHENOL
4-MITHYLPHENOL

TOTAL ACIDS

BASE/NEUTRAL COMPOUNDS
ISOPHDRONE
NAPHTHALENE
BIS(2-ETHYLHEIYL)PHTHAUrTE
BUTYL BENZYL PHTHALATE
DUt-BUTU PHTHALATE
OIETHYL PHTHALATE
DIMETHYL PHTHALATE

TOTAL B/N COMPOUNDS

SMl SB-« SB-431 SB-*3i SB-*4 SB-16 SB-M SB-19 SE*i*4 SBBM SBB4U SBMtS 3*3*4
2.5-4 2.5-4 2.5-4 2.5-4 2-1.3 2-3.5 2.5-4 2.5-4 5.5-7 5.5-7 5-6.5 7-4.5 5.7-7

11-24-64 11-24-M 11-24-M 11-24-M 11-24-M 11-24-44 11-24-M 11-24-M 1H*-M 11-24-M lf-24-M 11-24-M 11-24-M
£4912 E4914 E492B E4929 E4934 E4932 E493I EM77 £4913 E491S E4933 £4933 E493I

14

57
............

IS
1MB
44
52
39

14M
12M
251
35

3313

1

231

231

49MB 11M 65
151

29M
16M
ISM

21MB
1MM B 19M 74
11MB
31M* 6M

32MB 351
17MB 24MB 551

36
11MM

129N 7M7I 1273

I I I

641

9MB
12M

1M4* I 1

3 J
14

17

5J

16
6J

71

36
173

1

42t JB

42*

27MB

4MB
41M

1MM
11MB

lit***
17MB
MM JB

21MB
22I9M

611

611

SM

4MJI
12N
361 J

2461

27 J 1MN

Si59 B 1*5*
17* J 2MM
16 J 64*

3MB 1MM
411 B 66MB

16N 921
33J

19* 2MB
3112 6I39B

UN

1 11M

731
4M J

53 321 JB

763 721

11

5J

41
271 34 B 33 54
21 11 li

66 11 B 41 B

11
27 34 51 IM

1 1 1 1

27* J
3111

I 1 1 1

111

.........

191
121

6SM
IM

44

M69

1

1

NOTE! OKENTRATIGNS REPORTED ON A DRY CIEHT BASIS - SAMPLES IWLY7.ED FOR ROUTINE OREflNIC PACKAGE BUT ONLY DETECTED CWPOUNDS ARE LISTED - FOOTNOTES 6IVEN ON FOLLOUINB PflEE



TABU 13
SOIL MRINB ORGANIC RESU.TS (ui/k|>

ECC Sitt TN 3-4
IHTEBOIATE BORINGS DEEP BORINBS

Location
toth (nil

Datt Sawltdi
OTI *»t*ri

SM1
2.5-4

16-24-64
£4912

SI-48
2.5-4

16-24-64
£491*

SB-»3i
2.5-4

16-24-64
E4926

SB-63t
2.5-4

16-24-64
E*«9

SB-64
2-15

16-24-64
E4934

SB-*
2-3.5

11-24-64
E4932

SB-K
2.5-4

11-24-64
E4931

SB-69
2.5-4

11-24-64
ES677

S86164
5.5-7

16-24-64
E4913

SB6264
5.5-7

It-24-64
E4915

S86463
5-4.5

11-84-44
E4933

S88M5 SM964
7-4.5 5.7-7

I6-24-B4 16-84-64
E4933 E493I

BT1C1DE
NONE DETECTED

per i
NONE DtlLLIUI

TENTRTIVaY
IDEMT1F1ED OHKUIB

DECK
UNDEOVE
T8KHORCnjnD6THPNE
4HCTm.-2-fBmML
TETMOUNEDCNE

W
IM

4 J
4 J

It J 12 J

DIETHTt. ED£I
ICMC

46 J

PEIGHT miSTURE 117 11.4 11.59 U.It 12 II 12 16.7 II 14.5
HJUINUIthi

A. Tfnlativili Idmtifiid coniMl coMfntritim art ntiutKt. I III rawoMi it
I. ftmlrtt hat bm fiMd irTtha laborator; blank M -II at tht sawlt. Indicattt jrobablt contatinatlim.
C. Rwliti to pHticidt Nra^in rfwrt tht idmticicatio* hat btt« confirani br SC/16.
J. Indicata an tftlutrt valw. UMH tan fftctral data IndicatM tht prtttnct of a cowowd that «itt tht idtntification crittria

and tht mult if liu than tht WKlfitd dtttction liiit but rtator than itn.
K. Actval valut, iiithln tht liiitatiom of tht wthod it ltt( than tht valw |ivm
t Dwlicatt savlit »trt takm at SB-63

NOTE: OMCENTRATIOG REPORTED ON A DRY EIGHT BASIS - SAMPLES WALY2ED FUR UUTlrC ORGANIC PACKAGE BUT OM.Y DETECTED CONPOMS ARE LISTED -



TECHNICAL MEMORANDUM
Subtask 3-4

Appendix A
SOIL BORING AND TEST PIT LOGS

GLT301/61-6



CH2M
SHILL

i PROJECT NUMBER BORING NUMBER

5'/3 - 0-2. SHEET / OF

SOIL BORING LOG

PROJECT fECC. , LOCATION tl-J

ELEVATION , DRILLING CONTRACTOR

DRILLING METHOD ANO EQUIPMENT.

WATER LEVEL ANO "*TC . START l FINISH .LOGGER

DE BE SU

SAMPLE STANDARD
pcMcnunoN

TMT
RESULTS

(N)

SOIL DESCRIPTION

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURECONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL SY

M
B

O
LI

C
LO

Q

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.

.TESTS AND
(' INSTRUMENTATION

£-

3 -

IS I&-H-U

t-H-lt

f-ff-H

.Stf-j

i u*.

tun

(,-lo-if

i* -

II-

-oi

1-1- ti

REV 11/82 FORM 01586



CH2M
B HILL

PROJECT NUMBtfl SORING NUMBER

SHEET

SOIL BORING LOG

PROJECT LOCATION

ELEVATION ________

DRILLING METHOD AND EQUIPMENT

WATER LEVEL AND DATE

, DRILLING CONTRACTOR

REV 11/82 FORM01SM



CH2M
BHILL

t
PROJECT NUMBER BORING NUMBER

5*5 ~<3 *f SHEET / OF

SOIL BORING LOG

PROJECT LOCATION - / XL/.
ELEVATION DRILLING CONTRACTOR

DRILLING METHOD AND EQUIPMENT.

WATER LEVEL AND DATE ——————— START , /'•'•*+* FINISH /.Vc- y». i or.rica

S ui 3a <•

SAMPLf

TY
P

E 
A

N
U

M
B

E VE
R

Y
RE

STANDARD
PCNmUTION

TUT
RBSULTS

(N)

SOIL OeSCHIPTlON

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL SV

H
B

O
LI

C
LO

Q

COMMENTS

DEPTH OF CASING.
DRILLING RATE
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

rftt*

I .

7 -
-Of

-&-C* 1-&-I3

t-1-9

7 - "1 -^jr* 4jP*^ h ^ '

f - -of

&-C1

**-?-'/

fi-
iz

REV 11/82 FORM 01586
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o$2M
SHIU

PROJECT NUMBER BORING NUMBER

5V? -O£ SHEET / OF

. ... SOIL BORING LOG

PROJECT /sec . LOCATION 3*3 A-./

ELEVATION DRILLING CONTRACTOR

DRILLING METHOD AND cnmPuCMT

WATER LEVEL AND DATE START '*'•** "** ?*(** FINISH rfca———LOGGER
STANDARD

PENETRATION
TEST

RESULTS

6--6--T

SOIL DiscflimoN

NAME. GRADATION OR PLASTICITY.
PARTICLE SIZE DISTRIBUTION. COLOR.
MOISTURE CONTENT. RELATIVE DENSITY
OR CONSISTENCY. SOIL STRUCTURE.
MINERALOGY. USCS GROUP SYMBOL SY

M
B

O
LI

C
LO

O

COMMENTS

DEPTH OF CASING.
DRILLING RATE.
DRILLING FLUID LOSS.
TESTS AND
INSTRUMENTATION

KJ

ft+jtry

3-H

REV 11/82 FORM 01586



PROJECT NUMBER SORING NUMBER

SHEET OF

SOIL BORING LOG

PROJECT t nt-ATiON J".

ELEVATION noil i inn CnNTRACTOP

DRILLING METHOD AND EQUIPMENT

WATER LEVEL AND DATE

REV. 11/82 FORM01SM
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Appendix B
AERIAL PHOTOGRAPHS AND TOPOGRAPHIC MAP

(Not included with this copy. Contact
U.S. EPA Region V for Aerial Photographs

and Topographic Map)
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Appendix C-l

SAMPLE CALCULATION

The following is a sample calculation of the transport and
fate of trichloroethene.

Physical-Chemical Properties

Solubility = 1,100,000 ug/1
Partition Coefficiem

Site Characteristics

Partition Coefficient (K,) =0.24d

Soil concentration = 96 mg/kg average
4 mg/kg acceptable level

Hydraulic Conductivity __
(in saturated zone) = 10~ cm/s =10.3 ft/yr

Porosity (n) = 0.10 3
Bulk density (P) = 1,800 kg/m
Recharge(r) = 7.8 inches/yr = 0.2 m/yr
Gradient (I) = 0.02 feet/foot
Retardation coefficient (R) = 1 + (P)(kd) =3.2

Determine Concentration in Leachate
2

Assume I square meter; volume of water = (0.2 m/yr)(1 m ) =
0.2 m /yr = 200 liters/yr

3 3
Using 1 meter depth; weight of soil = (1,800 kg/m ) (1 m ) =

1,800 kg of soil

Contaminant Depletion:

o Mass of TCE in soil = (96 mg/kg) (1,800 kg) =
172,800 mg TCE

o Assume the following isotherm C = K, C ;
where C = concentration in soif and C w=
concentration in leachate

C = 96 mg/kg = 400 mg/kg = 400 mg/1 =
0.24

400,000 ug/1

o Check to see if C £ solubility

C = 400,000 ug/1 < solubility
(1,100,000 ug7l)

therefore, C = 400,000 ug/1

C-l-1



Determine Dilution of Leachate in the Groundwater of the
Saturated Zone

Groundwater flow velocity (V ) = KI =

(10.3 ft/yr) (0.02 ft/ft) = 2.1 ft/yr = 0.64 m/yr
0.10

Volume of Groundwater (Q ) = KIAgw

Assume groundwater flows through area 4 meters deep and
1 meter wide;

2 2
A = 4m = 40,000 cm

Q = KIA = (10~5cm/s) (0.02 ft/ft) (40,000 cm2)

(31,500 1 s, ) = 252 liters/yr
yr cm

Volume of Leachate (Q ) = (r) (area) ( ) =w gw
(200,L/yr) (1m) (0.64 m) = 128 liters/yr

m

Dilution of Leachate = Q = 128 L/yr = 0.51
(252 L/yr)

Determine Groundwater Concentration

C = 0.51 C = 0.51 (400,000 ug/1) = 200,000 ug/1
U Vr Vv

Determine Travel Time to Surface Water

Distance to unnamed ditch = 200 ft
Distance to Finley Creek = 500 ft

Travel Time (tt) = (distance) / (V /R)gw
tt = (200 ft) ____ = 300 years to ditch

(2.1 ft/yr)/(3.2)

tt = (500 ft) ____ = 760 years to Finley Creek
(2.1 ft/yr)/(3.2)

Determine Concentration in Surface Water

Volume of groundwater discharge assuming a 1 meter width is
Q = 252 L/yr. Discharge actually occurs along a width of

m; therefore,

C-l-2



Q w = (252 L/yr/m)(10~3 m'/l)(200 m) = 50.5 m'/yr =
5?6 x 10 ft /sec

Surface Water Flow:

o Unnamed ditch =0.1 cfs
o Finley Creek = 0.1 to 1 cfs

Dilution = 5.6 x 10"5 to 5.6 x IP"5 = 1:1,800 to 1:18,000
0.1 1.0

Surface Water Concentration (C ) = (C ) (Dilution)sw gw
o Unnamed ditch, C = (200,000 ug/1)(1/1,800) =

110 ug/1 sw

o Finley Creek, C = (200,000 ug/1) (1/1,800) =
110 ug/1 sw

o Finley Creek, C = (200,000 ug/1) (1/18,000) =
11 ug/1 sw

GLT533/7
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Appendix C-2
ENVIRONMENTAL PROFILES OF CONTAMINANTS

1,1,1-TRICHLOROETHANE

The behavior of 1,1,1-trichloroethane is largely controlled
by its high vapor pressure. 1,1,1-trichloroethane will not
persist in surface soils and aquatic systems because of its
tendency to volatilize. Callahan et al. (1979) give an
aquatic volatilization half-life on the order of several
minutes to a few hours, depending upon the degree of agita-
tion. Once in the atmosphere, 1,1,1-trichloroethane will
tend to slowly degrade via photo-oxidation, with a reported
half-life ranging from 1.1 to 8 years (Callahan et al., 1979).

Oxidation and hydrolysis of 1,1,1-trichloroethane in soils
and aquatic systems proceed at rates that are slow relative
to volatilization. The maximum reported half-life for hydro-
lysis is 6 months; the half-life for oxidation is unknown,
but is reported to be very slow (Callahan et al., 1979).
Thus, these fate mechanisms are insignificant~Tn aquatic
systems. Photodissociation in water or air is not expected
to occur (Jaffe and Orchin, 1962).

Based on its octanol-water partition coefficient, sorption
of 1,1,1-trichloroethane is expected to be limited. Dawson
et al. (1980) state that sorption of 1,1,1-trichloroethane
will be proportional to the organic content of soils and
surface area of clays. Thus, its mobility in aquatic sys-
tems will be controlled mainly by the rate of water movement
rather than sediment movement.

The persistence of 1,1,1-trichloroethane in subsurface soils
and groundwater will be controlled by hydrolysis. Biodegra-
dation has been found to occur, but usually under anaerobic
conditions as a result of reductive dehalogenation (Bouwer
and McCarty, 1983). Thus, biodegradation will not be impor-
tant in aerated subsurface soils and groundwater. The rate
of biodegradation is difficult to estimate on a site-specific
basis.

The mobility of 1,1,1,-trichloroethane in subsurface soils
and groundwater will be high because it has little tendency
for sorption.

TETRACHLOROETHENE

The behavior of tetrachloroethene is largely controlled by
its vapor pressure. Tetrachloroethene will not persist in
surface soils and aquatic systems because of its tendency to
volatilize. The volatilization half-life for tetrachloro-
ethene in water is on the order of several minutes to a few
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hours, depending upon the degree of agitation (Callahan et
al., 1979). In the atmosphere, tetrachloroethene has a half-
life of about 10 days (Callahan et al., 1979). Its degrada-
tion in air is a result of photo-oxidation forming trichloro-
acetylchloride and some phosgene.

While tetrachloroethene will degrade via photo-oxidation in
surface soils and aquatic systems, the rate of degradation
is slow relative to its rate of volatilization. Callahan et
al. (1979) give a maximum oxidation half-life of 8.8 months.
The relative contribution of hydrolysis is unclear given the
available data. It is expected to be insignificant in sur-
face soils and aquatic systems, as is photodecomposition.

Sorption of tetrachloroethene will be limited as evidenced
by its octanol-water partition coefficient. Sorption will
largely be controlled by the organic matter content of soils
or sediments. Thus, its mobility in aquatic systems will be
controlled by water (rather than sediment) movement.

The persistence of tetrachloroethene in subsurface soils and
groundwater will be controlled by the degree of aeration.
Under anaerobic conditions, tetrachloroethene will be highly
persistent, unless biodegradation occurs. Biodegradation of
tetrachloroethene is possible under anaerobic conditions as
a result of reductive dehalogenation (Bouwer and McCarty,
1983). It has been demonstrated that tetrachloroethene de-
grades to form trichloroethene (Bouwer and McCarty, 1983).
Rates of biodegradation are difficult to estimate on a site-
specific basis. Under aerobic conditions, tetrachloroethene
may degrade as a result of oxidation.

The mobility of tetrachloroethene in subsurface soils and
groundwater will be high because of its limited tendency for
sorption.

TRICHLOROETHENE

The behavior of trichloroethene is largely controlled by its
vapor pressure. Trichloroethene will not persist in surface
soils and aquatic systems because of its tendency to volatil-
ize. Its reported volatilization half-life from water is on
the order of several minutes to a few days, depending upon
the degree of agitation (Callahan et al., 1979). Once in
the atmosphere, trichloroethene rapidly degrades via a photo-
oxidation reaction that produces dichloroacetyl-chloride and
phosgene. Callahan et al. (1979) give a 4-day half-life for
this reaction.

While trichloroethene will degrade via photo-oxidation in
surface soils and aquatic systems, the rate of degradation
is slow relative to volatilization. Callahan et al. (1979)
give a maximum oxidation half-life of 10.7 montEs. The
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relative contribution of hydrolysis is unclear given the
available data. It is expected to be insignificant in sur-
face soils and aquatic systems, as is photodecomposition.

Sorption of trichloroethene will be limited due to its low
octanol-water partition coefficient. Organic content will
tend to control the extent of sorption. When the organic
content is small compared to the clay content (less than 1
to 5), the inorganic fraction will control trichloroethene
sorption (Richter, 1981). Its mobility in aquatic systems
will be controlled by water (rather than sediment) movement.

The persistence of trichloroethene in subsurface soils and
groundwater will be controlled by the degree of aeration.
Biodegradation can occur under anaerobic conditions as a
result of reductive dehalogenation (Bouwer and McCarty, 1983)
Rates of biodegradation are difficult to estimate on a site-
specific basis. Under aerobic conditions, trichloroethene
may degrade as a result of oxidation.

The mobility of trichloroethene in subsurface soils and
groundwater will be high because of its limited tendency for
sorption.

TOLUENE

The behavior of toluene is controlled by its vapor pressure.
Toluene will not persist in surface soils or aquatic systems
because of its tendency to volatilize. Its estimated half-
life in water is on the order of a few hours (Callahan et
al., 1979). Photo-oxidation of toluene in the atmosphere is
rapid, with a half-life of about 15 hours (Callahan et al.,
1979); this value is inferred based on the relative reactiv-
ity of toluene and reported conversion rates for m-xylene
and 1,3,5-trimethylbenzene. Benzaldehyde is the major photo-
oxidation byproduct for toluene (Laity et al., 1973) .

While oxidation and photodecomposition are possible in wa-
ter, the rates of degradation are probably slow relative to
volatilization (Callahan et al., 1979). No rate data are
available for either process. Hydrolysis is not expected to
occur, according to Callahan et al. (1979). Thus, the per-
sistence of toluene in surface soils and aquatic systems is
largely controlled by volatilization.

Sorption of toluene will tend to be limited given its low
octanol-water partition coefficient. Its mobility in
aquatic systems will be controlled by water (rather than
sediment) movement.

Toluene persistence in subsurface soils and groundwater will
be high due to the insignificance of hydrolysis as a degra-
dation mechanism. In addition, oxidation appears to occur
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only in "the presence of sunlight. Biodegradation is possi-
ble given appropriate acclimation of soil bacteria and aero-
bic conditions (Callahan et al., 1979; Dawson et a_l. , 1980).
Rates of biodegradation are dTfficult to estimate on a site-
specific basis.

The mobility of toluene in subsurface soils and groundwater
will be high. Sorption is directly related to organic mat-
ter content3{Callahan et al., 1979) . Given its density
(0.866 g/cm ), toluene could float on water if present in
the pure form (Dawson et al., 1980) .

CHLOROFORM

The behavior of chloroform or trichloromethane will be con-
trolled by its vapor pressure. Chloroform will not persist
in surface soils or aquatic systems because of its tendency
to volatilize. Callahan et al. (1979) give a volatilization
half-life in water on the order of several minutes to a few
hours depending upon the degree of agitation. In the atmo-
sphere, chloroform degrades rapidly as a result of photo-
oxidation by hydroxyl radical attack producing phosgene and
chlorine oxide. Callahan et al. (1979) give a photo-oxida-
tion half-life on the order of several months.

While hydrolysis of chloroform in water is possible, the
rate of degradation is slow relative to volatilization.
Callahan et al. (1979) present a minimum half-life of
15 months based on experimental work by Dilling et al.
(1979). A maximum half-life of 3,500 years is also given
based on an extrapolation made by Radding et al. (1977).
Dawson et al. (1980) give a hydrolysis half-lTfe of
18 months. Oxidation and photodecomposition are not signif-
icant, if they occur at all.

Sorption of chloroform will be limited given its octanol-
water partition coefficient. The extent of sorption is con-
trolled by the organic matter content and surface area of
clays (Dawson et al., 1980). Chloroform mobility in aquatic
systems will be controlled by water (rather than sediment)
movement.

There is some uncertainty as to how persistent chloroform is
in subsurface soils and groundwater. While hydrolysis can
occur, it is difficult to estimate a rate of degradation.
Given appropriate acclimation, biodegradation of chloroform
is possible under anaerobic conditions (Bouwer and McCarty,
1983).

The mobility of chloroform in subsurface soils and ground-
water will be high.
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POLYCHLORINATED BIPHENYLS

Polychlorinated biphenyls (PCB's) are a family of compounds
whose environmental behavior can vary widely depending upon
the degree of chlorination. In general, as the degree of
chlorination increases so does the persistence and affinity
for sorption; volatility and solubility decrease with degree
of chlorination.

The mobility of PCB's is largely controlled by their high
affinity for sorption and, to some extent, by their limited
solubility in water. PCB sorption is a function of organic
matter content and clay content, the former being the more
important (Griffin and Chian, 1980). The mobility of PCB's
in aquatic systems is controlled by sediment transport pro-
cesses. Areas of high sediment deposition can become sinks
of PCB and later sources as the PCB redissolves into the
water column. PCB mobility in subsurface soils and ground-
water is limited by sorption. However, under conditions
where PCB is present in excess of its solubility, there is
the potential for migration as a separate phase. Roberts et
al. (1982) found that the migration of PCB as a separate
phase in soil and groundwater explained why contamination at
a spill site was more widespread than would be expected given
its affinity for sorption.

Despite their relatively low vapor pressure and molecular
weight, PCB volatilization from water and soil can occur.
Adsorption dramatically reduces the rate of volatilization,
however. Pal et al. (1980) has summarized volatilization
half-lives for PClfs in water and soils. They range from
tens to hundreds of days depending upon the type of PCB mix-
ture and environmental conditions. Volatilization is an
important mechanism because of the lack of other mechanisms
that act to degrade PCB's.

The only important degradation process is biodegradation.
However, it is only significant for the mono-, di-, and tri-
chlorinated biphenyls. Biphenyls with five or more chlo-
rines are essentially unaffected, while tetrachlorobiphenyls
are moderately susceptible (Callahan et al., 1979). Leifer
et al. (1983) state that there is no evidence for PCB biode-
gradation under anaerobic conditions, but that numerous aero-
bic microorganisms are capable of degrading PCB's. Table 1
gives estimates for biodegradation half-lives in different
media.
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Table 1
HALF-LIVES OF P C B ' S RESULTING FROM BIODEGRADATION

(Source: Leifer et al. , 1984)

Pentachloro
Mono- s Dichloro Trichloro Tetrachloro and Higher

Aerobic

Surface Waters
Fresh 2-4 days 5-40 days 1 wk-2+ mos. >1 year
Oceanic —————several months———— ——————>1 year———————

Activated Sludge 1-2 days 2-3 days 3-5 days *

Soil 6-10 days ————12-30 days——— >1 year

Anaerobic —————————————————— °° —————————————————

*It is not clear how long the highly chlorinated PCB's would last under
activated sludge treatment but there appears to be no significant
biodegradation during typical residence times.

More highly chlorinated PCB's in solution have been observed
to break down through photolysis. Sufficient data are not
available to estimate photolysis half-lives for environ-
mental conditions (Leifer et al., 1983). PCB's are resis-
tant to both oxidation and hydrolysis (Callahan et al., 1979;
Leifer et al., 1983).

1,1,2-TRICHLOROETHANE

The behavior of 1,1,2-trichloroethane is largely controlled
by its high vapor pressure. 1,1,2-trichloroethane will not
persist in surface soils and aquatic systems because of its
tendency to volatilize. Callahan et al. (1979) give an aqua-
tic volatilization half-life on the order of several minutes
to a few hours, depending upon the degree of agitation.
Once in the atmosphere, 1,1,2-trichloroethane will tend to
slowly degrade via photo-oxidation, with a reported half-life
ranging from 0.5 to 3 years (Callahan et al., 1979).

Oxidation and hydrolysis of 1,1,2-trichloroethane in soils
and aquatic systems proceed at rates that are slow relative
to volatilization. The half-life for hydrolysis is estimated
to be about 6 months; the half-life for oxidation is unknown,
but is reported to be very slow (Callahan et al., 1979) .
Thus, these fate mechanisms are insignificant~Tn aquatic
systems. Photodissociation in water or air is not expected
to occur ( Jaf fe and Orchin, 1962) .
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Based on its octanol-water partition coefficient, sorption
of 1,1,2-trichloroethane is expected to be limited. Dawson
et al. (1980) state that sorption of 1,1,2-trichloroethane
will be proportional to the organic content of soils and
surface area of clays. Thus, its mobility in aquatic
systems will be controlled mainly by the rate of water move-
ment rather than sediment movement.

The persistence of 1,1,2-trichloroethane in subsurface soils
and groundwater will be controlled by hydrolysis. Biodegra-
dation has been found to occur, but usually under anaerobic
conditions as a result of reductive dehalogenation (Bouwer
and McCarty, 1983). Thus, biodegradation will not be impor-
tant in aerated subsurface soils and groundwater. The rate
of biodegradation is difficult to estimate on a site-specific
basis.

The mobility of 1,1,2-trichloroethane in subsurface soils
and groundwater will be high because it has little tendency
for sorption.

ETHYLBENZENE

The behavior of ethylbenzene is controlled by its vapor pres-
sure. Ethylbenzene will not persist in surface soils or
aquatic systems because of its tendency to volatilize. Its
estimated half-life in water is on the order of several hours
(Callahan et al., 1979). Photo-oxidation of ethylbenzene in
the atmosphere is rapid, with a half-life of about 15 hours
(Callahan et al., 1979); this value is inferred based oh the
relative reactivity of ethylbenzene and reported conversion
rates for m-xylene and 1,3,5-trimethylbenzene.

Oxidation of ethylbenzene readily occurs in the liquid phase,
but the process appears to be inhibited by the presence of
water (Stephens and Roduta, 1935) . Hydrolysis is not
expected to occur, according to Callahan et al. (1979) .
Thus, the persistence of ethylbenzene in surface soils and
aquatic systems is largely controlled by volatilization.

Sorption of ethylbenzene may be a significant process and
ethylbenzene will presumably be adsorbed by sedimentary or-
ganic material. Its mobility in aquatic systems may be con-
trolled by sediment movement.

Ethylbenzene persistence in subsurface soils and groundwater
will be high due to the insignificance of hydrolysis as a
degradation mechanism. In addition, oxidation appears to
occur only in the absence of water. Biodegradation is pos-
sible given appropriate acclimation of soil bacteria and
aerobic conditions (Claus and Walker 1964; Gibson et al.,
1966). — —
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Rates of biodegradation are difficult to estimate on a site-
specific basis.

METHYLENE CHLORIDE

The behavior of methylene chloride will be controlled by its
vapor pressure. Methylene chlorine will not persist in sur-
face soils or aquatic systems because of its tendency to
volatilize. Callahan et al. (1979) give a volatilization
half-life in water on the order of several minutes to a few
hours depending upon the degree of agitation. In the atmo-
sphere, methylene chloride degrades rapidly as a result of
photo-oxidation by hydroxyl radical attack producing phos-
gene and chlorine oxide. Callahan et al. (1979) give a
photo-oxidation half-life on the order of several months.

While hydrolysis of methylene chloride in water is possible,
the rate of degradation is slow relative to volatilization.
Callahan et al. (1979) present a minimum half-life of
18 months based on experimental work by Billing et al.
(1979). A maximum half-life of 704 years is also given
based on an extrapolation made by Radding et al. (1977).
Oxidation and photodecomposition are not significant, if
they occur at all.

Sorption of methylene chloride will be limited given its
octanol-water partition coefficient. The extent of sorption
is controlled by the organic matter content and surface area
of clays (Dawson et al., 1980) . Methylene chloride mobility
in aquatic systems wTTl be controlled by water (rather than
sediment) movement.

There is some uncertainty as to how persistent methylene
chloride is in subsurface soils and groundwater. While
hydrolysis can occur, it is difficult to estimate a rate of
degradation. Given appropriate acclimation, biodegradation
of methylene chloride is possible but at a very slow rate.

The mobility of methylene chloride in subsurface soils and
groundwater will be high.

PHENOL

Photo-oxidation, metal-catalyzed oxidation, and biodegrada-
tion probably all contribute to the fate of phenol in the
aquatic environment. Photo-oxidation will gradually occur,
but only in aerated and clear surface waters. Callahan et
al. (1979) suggests, however, that phenol may be nonphotoly-
tically oxidized in highly aerated waters that also contain
iron and copper.

Hydrolysis and volatilization of phenol are probably not
environmentally significant processes. There is a possibil-
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ity that some volatilization can occur, but, once in the
atmosphere, phenol would be rapidly destroyed by oxidation
in the troposphere. Since sorption of phenol is limited, it
appears to be highly mobile in soils and groundwater.

Biodegradation is probably the most significant process in
the environmental fate of phenol. Its microbial degradation
has been observed in many laboratory and in situ studies.

Visser et al. (1977) estimated a removal rate of 30 ug/1 per
hour by bacteria in river water. Alexander and Lustingman
(1966) reported that phenol was rapidly degraded by a mixed
population of soil microbes.

PHTHALATE ESTERS

Phthalate's are a family of compounds whose environmental
behavior may vary somewhat from compound to compound. In
general, the mobility of the phthalates is controlled by
their high affinity for sorption and, to some extent, by
their limited solubilities. Although dimethyl and diethyl
phthalate have moderate solubilities, most phthalates have
very low solubilities. Their mobility is aquatic systems is
mainly controlled by sediment transport processes. Ogner
and Schnitzer (1970) suggest an interaction between phtha-
lates and fulvic acid in humic substances in water and soil.
The result is a very soluble complex, thus mobilizing and
transporting otherwise insoluble phthalate esters.

Photolysis and oxidation are not expected to be significant
processes. Hydrolysis is expected to occur in surface wa-
ters, but at very slow rates. The half-lives for the hydro-
lysis of phthalate esters are expected to be on the order of
years (Callahan et al., 1979).

Vapor pressures for phthalate esters are extremely low and
the evaporative half-life for bis(2-ethylhexyl)phthalate is
estimated to be 15 years (Branson, 1978).

Phthalate esters are thought to undergo microbial degrada-
tion much more easily than other persistent compounds, such
as PCB's (Engelhardt et a_l.) . Half-lives have been reported
on the range of 2 days for butyl benzyl phthalate to 4 weeks
for bis(2-ethyl hexyl)phthalate (Callahan et al., 1979).
Mathur (1974a) reported biodegradation in soils' under
aerobic conditions. Johnson and Lulves (1975) reported that
degradation occurred much slower or not at all under anaero-
bic conditions.

Mobility of phthalate in subsurface soil and groundwater
will be low to moderate depending upon the compound.

GLT533/26
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Appendix D
METHODS FOR THE ENDANGERMENT ASSESSMENT

This appendix presents the detailed methods used in the en-
dangerment assessment. It has three sections:

o Estimating Human Health Risks Caused by Carcinogens
o Estimating Human Health Risks Caused by toxicants
o Discussion of Uncertainty

ESTIMATING HEALTH RISKS CAUSED BY CARCINOGENS

To estimate human health risks from carcinogens, the follow-
ing information must be known or derived:

o Lifetime average ingestion rates for soil, sedi-
ment, water, and fish

o Lifetime average dermal absorption rates for wad-
ing and swimming

o Chemical concentration

o Lifetime average chemical intake or dose

o Cancer potency

The calculation of risk from carcinogens is based on a life-
time average daily dose per kilogram of body weight. Because
the ingestion of water and possible ingestion of soil varies
over a 70-year lifetime in relation to age and body weight,
an age- and time-weighted average ingestion for water and
soil is used. This accounts for the relatively higher in-
gestion rate per kilogram of body weight in the younger age
classes.

The units on the cancer potency estimates from the U.S. EPA
Carcinogen Assessment Group (CAG) are (mg/kg body weight/
day)" . The lifetime average chemical intake (dose) must be
estimated, therefore, in terms of mg of carcinogen/kg body
weight/day so that:

cancer risk = 1-exp (-[potency x dose]).

SOIL SEDIMENT INGESTION-RESIDENTIAL SETTING

Lifetime Average Ingestion Rates

The lifetime average soil or sediment ingestion rate (LASI,
in grams soil or sediment per kilogram of body weight/day)
for the residential setting is estimated from:
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1 N £.
LASI = N Z b^

i = 0.01

where:

N = number of years in a lifetime (assume 70)
s. = soil or sediment ingestion in year i
1 (gm/day)

b. = body weight in year i(kg)

For a 70-year lifetime, the LASI estimated LASI is as
0.028 gm/kg body weight/day based on the data in Table D-l.
The derivation of this is shown in Table D-2.

Dose Calculation

The lifetime average chemical intake from soil or sediment
(LACIS) ingestion is the lifetime dose from soil or sediment
ingestion.

The lifetime average chemical intake from soil or sediment
ingestion (LACIS) is:

LACIS = LASI x C X f
5

where:

C = soil or sediment chemical concentration
f = fraction of year that exposure occurs

[f = 1 - (No. of days exposure prevented)]
365.25

[f = 1 - (295/365.25) = 0.47]

For the soil or sediment ingestion or inhalation route, the
exposure duration represents the number of days that an in-
dividual will contact the contaminated soil or sediment. In
a residential setting, behavior patterns and seasonal con-
ditions will most influence the duration of exposure. Chil-
dren and adults who enjoy outdoor activities and household
pets could contact soil or sediment frequently. Cold or wet
weather usually deters outdoor activities and decreases expo-
sure. Similarly, dust generation and the resulting exposure
is essentially eliminated when the soil or sediment is wet
or frozen.

Near Indianapolis, the soil or sediment could be frozen an
average of 120 days/year (NOAA, 1980). Dust emissions are
considered negligible on days when precipitation exceeds
0.01 inch (Kimbrough et al., 1984), which is reported to be
an average of 123 days/year for the area around Boone County,
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Table D-l
ESTIMATED SOIL OR SEDIMENT AND WATER INGESTION

BY BODY WEIGHT AND AGE

Age
(Years)

0-0.75

0.75-1.5

1.5-3.5

3.5-5

5-18

2.18

Body
Weight
(kg)

5

8

12

15

38

70

Estimated
Ingested
Sediment3
(gin/day)

0

1

10

1

0.1

0.1

Estimated
Ingested

Drinking Water
(L/day)

1

1

1

1

1.4

2

Kimbrough et al., 1984.
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Table D-2 (page 1 of 3)
LIFETIME AVERAGE CHEMICAL INTAKE DERIVATIONS

LIFETIME AVERAGE SOIL OR SEDIMENT INTAKE DERIVATION (LASI)

(365.25 days x 0.75 yr) x 0 gm T 5 kg
(365.25 days x 0.75 yr) x 1 gm * 8 kg(365.25 days x 0.75 yr) x 1 gm * 8 kg
(365.25 days x 2.0 yr) x 10 gm T 12 kg
(365.25 days x 1.5 yr) x 1 gm * 15 kg
(365.25 days x 13 yr) x 0.1 gm * 38 kg
(365.25 days x 52 yr) x 0.1 gm * 70 kg

721 gm/kg/70 yr
10 gm/kg/year

0.028 gm/kg/day

LIFETIME AVERAGE WATER INTAKE DERIVATION (LAWI)

(365.25 days x 0.75 yr) x 1 L/day * 5 kg = 55
(365.25 days x 0.75 yr) x 1 L/day f 9 kg = 34
(365.25 days x 2.0 yr) x 1 L/day * 12 kg = 61

1.5 yr) x 1 L/day * 15 kg = 37
x 1.4 L/day T 38 kg = 170
x 2 L/day T 70 kg = 540

(365.25 days x
(365.25 days x 13 yr)
(365.25 days x 52 yr)

897.022 L/kg/70 years
12.8 L/kg/year
0.035 L/kg/day

LIFETIME AVERAGE DAILY DERMAL ABSORPTION DERIVATION (LADDA) FOR WADING
IN UNNAMED DITCH

3.5 years x (0.001 L/cm2 x hrs) x 0 hrs/yr x 0% immersed x
4,000a cm2 * 9.6 kg = 0 L/kg

14.5 years x (0.001 L/cm3 x hr)a x 2.5 hrs/yr x 25% immersed x
8,800a cm* * 35.6 kg = 2.24 L/kg

52 years x (0.001 L/cm2 x hr) x 1.25 hrs/yr x 25% immersed x
18,000a cm2 T 70 kg = 1.67 L/kg

3.91 L/kg-70 years
0.056 L/kg-year

0.00015 L/kg-day

Assumptions for LADDA from Wading in Unnamed Ditch

Infants do not wade.
Children wade 10 times per year for 15 minutes each time and 25 percent
immersed.
Adults wade 5 times per year for 15 minutes each time and 10 percent
immersed.



Table D-2(Page 2 of 3)

LIFETIME AVERAGE DAILY DERMAL ABSORPTION DERIVATION (LADDA) FOR WADING
IN FINLEY AND EAGLE CREEK

3.5 years x (0.001 L/cma x hrs) x 0 hrs/yr x 0% immersed x
4,000a cm2 T 9.6 kg = 0 LAg

14.5 years x (0.001 L/cma x hr) x 2.5 hrs/yr x 50% immersed x
8,800a cm2 T 35.6 kg = 4.4803 L/kg

52 years x (0.001 L/cma x hr)a x 1.25 hrs/yr x 25% immersed x
18,000a cma * 70 kg = 4.18 L/kg

8.66 L/kg-70 years
0.124 L/kg-year

0.00034 LAg-day

Assumptions for LADDA from Wading in Finley and Eagle Creek

Infants do not wade.
Children wade 10 times per year for 15 minutes each time and 50 percent
immersed.
Adults wade 5 times per year for 15 minutes each time and 25 percent
immersed.

LIFETIME AVERAGE DAILY DERMAL INTAKE DERIVATION (LAPPI) FROM BATHING

Infant 3.5 yr x (0.001 L/cmaxhours) x 65 hours /yr x 80% immersed x
4,000 cma i 9.6 kg = 75.8 L/kg

14.5 yr x (0.001 L/cmaxhours)a
8,800 cma * 35.6 kg = 186 L/kg

52 yr x (0.001 L/cmaxhour
18,000 cma * 70 kg = 695

Child 14.5 yr x (0.001 L/cmaxhours) x 65 hours /yr x 80% immersed x
Vkg

Adult 52 yr x (0.001 L/cmaxhours) x 65 hours /yr x 80% immersed x

957 LAg - 70 yr
13.7 L/kg-yr
0.037 LAg-day

Assumptions for LADDI for Bathing

People bath 5 times per week , 15 minutes each time and are 80%
immersed.



Table D-2(Page 3 of 3)

FISH INGESTION

Lifetime Average Daily Fish Ingestion

365.25 days x 3.5 years x 0 gm of fish/day * 9.6 kg body weight =
0 gm of fish/kg body weight

365.25 days x 14.5 years x 3.25 gm of fish/day * 36.5 kg body weight
483.4946 gin of fishAg body weight

365.25 days x 52 years 6.5 gm of fish/day * 70 kg body weight =
1763.6357 gm of fishAg body weight

2247.1303 g of fishAg - 70 years
32.1019 g of fish/dk - year
0.088 g of fishAg - day

From Brown et al., 1984
From ICF, Environ, 1983
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Indiana, (NOAA 1980). NOAA reports that for Indianapolis
approximately 60 percent of the precipitation days occur
outside of the winter months. Thus, Boone County has
approximately 193 days/year (120 + 60 percent of 123) when
climatic conditions would deter outdoor activity and reduce
dust emissions.

The life average chemical intake from soil or sediment inges-
tion for the ECC site may be estimated as:

LACIS = LASI x Cs x f

where:

f = 1 - (193/365.25) = 0.47

so that:

LACIS = 0.028 x 0.47 x Cs

LACIS = 0.013 x Cs

Risk Estimation

The excess lifetime cancer risk from soil or sediment inges-
tion is estimated as:

R. = 1 - exp (-[Pi x LACIS.̂  * 1,000])

where:

R. = lifetime excess risk from chemical i
P. = potency of carcinogen obtained from EPA

CAG (mg/kg-day)
C. = concentration of chemical i (mg/kg)
LASI = lifetime average soil or sediment inges-

tion rate (mg/kg-day)
f = fraction of lifetime exposure occurs

SOIL OR SEDIMENT OCCUPATIONAL EXPOSURE

Lifetime Average Ingestion Rate

The LASI for adult workers was calculated:

LASI = n si
N x E7
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where:

N = number of years in a lifetime (70)
s. = sediment ingestion for adult (0.1 gm/
1 day)

b. = body weight of adult (70 kg)
n = number of working years in a lifetime

(40)

LASI was estimated as 0.00082 gin/kg body weight/day.

Lifetime Average Chemical Intake

The LACIS is derived for occupational exposure using the
following assumptions.

As for residents, the assumption was made that approximately
193 days/year or 53 percent of the days/year have climatic
conditions which would deter working outdoors and/or prevent
dust emissions. Therefore, 47 percent of the time climatic
conditions would be favorable for working outdoors and po-
tential for exposure to sediment probable.

Considering the weekends (104 days) and estimated time al-
lotted for vacations (10 days) and holidays (8 days), the
average work period is 243.25 days/year and only 8 hours/day
are spent at work.

The LACIS is therefore:

LACIS = LASI X C X f

where:

f = fraction of year exposure occurs
= (1-U93/365.25) x (243.25/365.25) x (8/16)
= 0.16

C = sediment chemical concentration

so:

LACIS = 0.00082 x 0.16 x C
= 0.00013 x Cg s

Risk Estimation - Occupational Exposure

The excess lifetime cancer risk from soil or sediment inges-
tion in the occupational setting is calculated in the same
way as the residential setting.
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DERMAL ABSORPTION RESIDENTIAL SETTING

Lifetime Average Dermal Absorption Rates

The lifetime average daily dermal absorption (LADDA, in L/kg
body weight/day) for residents was estimated from:

!_ N w.
LADDA = N Z b^

where:

N = number of years in a lifetime (70)
b. = body weight in year i (kg)
w^" = dermal absorption in year i (I/day)

For a 70-year lifetime, LADDA for bathing and wading is es
timated as 0.037 1/kg/day and 0.00034 1/kg/day, respec-
tively, based on the data in Table D-l. The derivation of
this is shown in Table D-2.

Dose Calculation

The lifetime average chemical dermal dose from dermal ab-
sorption, LACDD, is:

LACDD = LADDA X Cw
0.00034 x Cw

where:

C = water chemical concentration mg/1

Risk Estimation

The excess lifetime cancer risk from residential dermal ab
sorption was estimated as:

Ri = 1 - exp (-[P..̂  X Ci X LADDA])

where:

LACDD = C^ X LADDA

therefore:

Ri = 1 - exp (-[Pi x LACDD..J)
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where:

R. = lifetime excess risk from chemical i

P. = potency of carcinogen obtained from EPA's GAG
1 (kg-day/mg)

C, = concentration of chemical i (mg/1)

LADDA = lifetime average daily dermal absorption
(L/kg-day)

WATER INGESTION-RESIDENTIAL SETTING

Lifetime Average Ingestion Rates

The lifetime average drinking water intake (LAWI, in L/kg
body weight/day) for residents is estimated from:

i N w.
LAWI = N Z b^

where :

N = number of years in a lifetime (70)
b. = body weight in year i (kg)
w. = drinking water intake in year i (L/day)

For a 70-year lifetime, LAWI is estimated as 0.035 L/kg/day
based on the data in Table D-l. The derivation of this is
shown in Table D-2.

Dose Calculation

The lifetime average chemical intake from water ingestion is
the lifetime dose from water ingestion.

The lifetime average chemical intake from drinking water,
LACIW, is:

LACIW = LAWI x C x f = 0 . 0 3 5 x Cw w
where:

C = water chemical concentration, mg/1
Wr

f = fraction of lifetime exposed to contam-
inated drinking water (f = 1)
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Risk Estimation

The excess lifetime cancer risk from residential water in-
gestion is estimated as:

R. = 1 - exp (-[Pi x C. x LAWI x f])

but since:

LACIW = Ci X LAWI X f

then,

R. = 1 - exp (-[P. x LACIW.])

where:

R. = lifetime excess risk from chemical i

P. = potency of carcinogen obtained from EPA's CAG

(mg/kg-day)""

C. = concentration of chemical i (mg/1)

LAWI = lifetime average water intake (L/kg-day)

f = fraction of lifetime that exposure occurs

FISH INGESTION

Lifetime Average Daily Fish Ingestion Rate

The lifetime average daily fish fillet ingestion (LADFI, in
mg/kg body weight/day) assuming only fish fillets from Finley
Creek, is estimated from:

f
LADFI = - x —

N b.

where:

N = number of years in lifetime (70 years)
n = number of years fish fillets are consumed

(66.5 years assumed)
f. = daily fish fillet ingestion (6.5 grams)
b^ = body weight of adult (70 kg)

LADFI was estimated as 0.088 g/kg body weight/day.
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Dose Calculation

The lifetime average chemical intake from fish fillet inges-
tion results in an average lifetime dose from fish consump-
tion.

The lifetime average chemical intake from fish ingestion
LACFI is:

LACFI = LADFI x Cf = 0.088 x Cf

where:

Cf = chemical concentration in fish fillets (edible
portion)

Since no fish samples were obtained the concentration in
fish may be estimated by multipling water concentration by
the bioconcentration factors found in the literature.

Risk Estimation

The excess lifetime cancer risk from fish ingestion is es-
timated as:

R. 1 = exp (P. X Cf X LADFI * 1,000])

but since:

LACFI = Cf X LADFI

then,

R.._ = 1 - exp (-^ x LACFI * 1,000])

where:

R. = lifetime excess risk from chemical
P^" = potency of carcinogens., obtained from U.S.
1 EPA's CAG (mg/kg-day)

C- = concentration of chemical; in fish fillets in
r (mg/kg)

LADFI = lifetime average fish ingestion (g/kg-day)

ESTIMATING RISKS FOR TOXICANTS FOR COMPARISON TO API'S

The intake of various compounds from different environmental
media requires the derivation of not only how much of the
compound is in the water or soil, or sediment but also how
much water or soil is ingested. The derivation of average
daily intake of compounds is calculated from assumed rates
of intake for soil or sediment and water.
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SOIL OR 'SEDIMENT

The average daily intake from soil ingestion is estimated
as:

I. = C. x Di i s
when: I. = daily intake of chemical (mg/day),

C^" = concentration of chemical in soil (mg/kg) ,
1 and

D = daily soil intake.
S

Daily soil intake is:

o 1 gram per day for children in the residential
setting.

o 0.1 gram per day for adults in the residential
setting.

o 0.05 gram per day for adults in the occupational
setting

WATER

The average daily intake from water ingestion is estimated
as:

Zi ' Ci x Dw
where: I. = daily intake of chemical (mg/day)

C. = concentration of chemical in water (mg/1)
D?" = daily water intake

Daily water intake is:

2 liters per day for the residential setting, and
1 liter per day for the adult worker setting.

DISCUSSION OF UNCERTAINTY

The methods and factors that may lead to an overestimate of
the health risks are:

o The exposure to and concentration of contaminants
is held constant over a 70-year lifetime. Chemi-
cal fate mechanisms may reduce actual concentra-
tions. Exposure reflect upper bound estimate and
may vary with time.
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o Chemical concentrations reported as "detected but
less than the quantification limit" in the RI re-
port are used in this exposure assessment as equal
to the quantification limit. The actual chemical
concentration would be between one-half the quan-
tification limit and the quantification limit.
The overestimate would be no greater than an
order-of-magnitude.

o Projected release from soil to groundwater based
on maximum concentrations may be 2 to 3 orders-of-
magnitude higher than actual release. These risks
based on these values may be therefore 2 to 3
orders-of-magnitude lower.

o The release of chemicals from the soil to ground-
water used treats the rate of release for all
chemicals as equal. There actually will be dif-
ferential release rate with overall contaminant
concentration being less.

o Calculation for chemical ingestion assumes
100 percent absorption into the body. The actual
percentage absorbed may be less.

o Health risks associated with exposure to groundwater
are calculated based on maximum concentrations.

o Data do not distinguish between valence states
(hexavalent or trivalent) for chromium. Chromium
intake is compared to the acceptable daily intake
(ADI) for hexavalent chromium in all media. The
toxicity of hexavalent chromium is greater than
that of trivalent chromium.

o All of the daily drinking water ingested is from
the groundwater source in question.

Factors that may lead to an underestimate of the health
risks are:

o Exposure through dust or vapor inhalation is not
quantified. Dermal absorption of chemicals
through contact with soil or water is also not
quantified (except for exposure to volatiles via
bathing and wading), due to uncertainty inherent
in attempting such a quantification. The risks
associated with inhalation are addressed qualita-
tively.

o Some chemicals detected at the site are toxicants
or suspected carcinogens. For some of these chem-
icals, cancer potencies or ADI's are not available,
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therefore their effect on human health is not quan-
tifiable. This may lead to an underestimation of
risk when comparing daily intakes to acceptable
intake levels because intakes from the site could
provide the incremental difference needed to ex-
ceed the allowable intake values.

Factors that may lead to either an overestimate or an under-
estimate of the health risks are:

o The assumptions regarding body weight, average
lifetime, population characteristics, and life-
style may not be representative for the population
around the site.

o The exposure duration parameters are based on as-
sumptions regarding behavior patterns and various
physical phenomena (such as precipitation and days
of frozen soil). These factors are based on pub-
lished data.

o Risk are assumed to be additive. Risks may not be
additive because of potention or antagonistic
actions of other chemicals.

o Substantial uncertainties are inherent in the es-
timation of risk. Uncertainties may act to either
increase or decrease risk, depending upon the
source of uncertainty. Cancer potencies are pri-
marily derived using laboratory animal studies
and, when available, human occupational studies.
Extrapolation of data from high to low dose, from
one species to another, and from one exposure
route to another introduces uncertainty.

o Not all carcinogenic potencies used represent the
same degree of certainty. All are subject to
change as new evidence becomes available.

GLT360/62
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Appendix E
RISK ASSESSMENT BY OPERABLE UNIT

SOIL AND SEDIMENT

For the analysis of the potential impacts from soil or sedi-
ment ingestion, assumptions in Table 6-4 and Appendix D are
used. It is assumed that contaminated soil at depth could
be inadvertently exposed during site development. It is
also assumed that contaminated sediment can be transported
and could occur at the site and at any point along the
length of the unnamed ditch and Finley Creek.

Table E-l lists the constituents identified in the soil and
sediment samples for the ECC site, unnamed ditch and Finley
Creek during the RI. The exposure assessment is based on
average and maximum observed contaminant concentrations.
Organic chemical concentrations reported as "less than the
quantitation limit" in the RI report are used in this expo-
sure assessment as equal to the quantitation limit. Actual
organic chemical concentrations would be less than the quan-
titation limit. Organic chemical concentrations reported as
semiquantitative or qualitative are also used in this assess-
ment quantitatively. The values for inorganic information
reflect only concentrations above the 95 percent confidence
limit of background levels. Inorganic chemical concentra-
tions reported as less than the quantitation limit in the RI
report are assumed to be zero for this assessment. Inor-
ganic elements are treated as elements or simple inorganic
salts.

Tables E-2 through E-8 summarize the soil and sediment con-
tamination, cancer risks, and intakes for noncarcinogens for
the ECC site for both residents and adult workers.

GROUNDWATER

Analysis of the groundwater monitoring well samples at ECC
yielded 20 metals, 17 volatile organic compounds, and 6 base/
neutral compounds. As Table E-9 indicates, a majority of
these compounds were either found only once, below quanti-
fication limits, or at levels in the same range as the up-
gradient background wells or the blank. The maximum con-
centrations found in the groundwater are used in determining
the upper bound risk associated with groundwater at this
site (see Table 6-4).

In using the groundwater monitoring data the following judg-
ments are made:

E-l



Table E-l
PRIORITY POLLUTANTS FOUND IN SOIL AND SEDIMENT AT THE

ECC SITE

Volatiles

Benzene (C)(W)
Chlorobenezne
1.1.1-Trichloroethane
1.1.2-Trichloroethane (C)
Chloroform (C)
1,1-Dichloroethene (C)(I)
Trans-1,2-dichloroethene
Ethylbenzene
Methylene Chloride (C)
Tetrachloroethene (C)
Toluene
Trichloroethene (C)
Vinyl Chloride (C)(I)
Xylene Acids
Phenol

Pesticides/PCB's

PCB 1232
PCB 1260

Metals

(C)
(C)

Antimony
Arsenic (C)(H)
Beryllium (C)
Cadmium (C)(W)
Chromium (C) (W)
Copper
Cyanide
Lead
Mercury
Nickel (C)(W)
Silver
Zinc

Base/Neutrals

1,2-Dichlorobenzene
Isophorone
Naphthalene
Bis(2-ethyl hexyl) phthalate
Butylbenzyl phthalate
Di-n-butyl phthalate
Diethyl phthalate
Dimethyl phthalate
Benzo(a)anthrancene
Benzo(a)pyrene (C)
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Benzo(ghi)perylene
Dibenzo(a,h)anthracene
Indeno(l,2,3-cd) pyrene

C = Carcinogenic.
W = Carcinogenic based on human occupational exposure.
I = Carcinogenic based on animal inhalation studies.
H = Carcinogenic based on human drinking water exposure

GLT360/55



APfDCII E TMU £
BZ SOUTH MO INTEMQIDTE DEPTH S OIL CONTMINRTION AND EIPQSUK VIA UGESTUM

Potency
"••.

CMC.

Carcimteni
Onanict
Volattles
1,1,2-Tridiloroethane
Chlorofvn c
Nethrlent Chloride d
Tetrachloroethene d
Trichloroethene d

Inorianici
Cadei* b
Chroiiiei

«t a
*3

raid.
Noncarci

173E-K

l.ME-42

__ lilk
•eiirfmtial — —•

1.113 I.MI13
I of soil/ki-iw I of toil/kHai

1.IE-17
&CE-K
I.K-M
LS-K
£.7E-«

.
Z.&E-Na.z-11
L2E-M

3N f

Avtrait
Cone.
W/k|

a
371

21(1
3(34

223D

IK
551

Cancer lick flcctptabli
Residential Uorker Daily

1.113 I.NII3 Intake(AOI)i of «oll/kt-4a» i of *oil/k|-daj ui/dar

Intake in u»/daj
at Hai. Cone.

at Iniestion
II, M l.N 1.11
l/dajr i/dar i/dar

IK-fi 3.E-C7

1.SE-M
ltf-17
1.E-M
1.7E-K
S.S-K

7.E-K

1.5E-1I
3.4E-49
1.8E-1I
1.7€-«B
S.X-M

7.tE-«

31
171
ITS

125MI

Orfanics
Volatile*
1.1,1-Trichloroethane
Elhrlbenient
Toluene
TokAl IfflMMC

lase/lkNtrals, Acids
Rum)

311
UN

13133
3Z3I
7K3

lis(2-ethTlhe»l)Phthalatt
Di-n-hutrj Phthalati
liethrl Rithalate
DiMthrl Phthalati

inorj-ic,

'•f UN
SM
731

12M
XM
33M

£2ia
U9 t,f

1275
19S

MZ f

Intake in L_. —.
at Ave. Cone.

at iniestion
of

11M l.M I. II
I/dar i/daj i/dajt

4
44

3

1.4
4.4
1.3
1.3

1.14
1.44
1.13
1.13

1.12
I.K

lAMHjotm
9SM

•MklMkA

ieMi
7M

HIM
42MI
oN8§

1A4UMi^nmriNM
I M hin

491
211
311

UN
11
S
7
4

91
12
92
33

49.1
21.1
31.1

111.1
1.1
IS
1.7
1.4
1,9
1.2
9.2
13

4.91
2.11
3.11

11. N
1.11
«.»
1.17
1.14
1.91
1.12
1.92
1.33

131
32
79

1U
2
1
1
1

13
2
1
4

13.1
3.2
7.9

I&.I
1,8
1.1
1.1
1.1
1.3
1.2
1.1
1.4

1.31
1.32
1.79
1.68
1.12
1.11
1.11
1.11
1.13
l.*2
I.N
1.14

a-Tht Intimationil Agcncr for tewardi on CanctrdflRC) hat aniincd thit to Broup l-'th» chMical it causallr associated nith canctr in huuns.'
b-Tht Intirnitional Aimer for Reward) on Canctr(IARC) has mined this to Grow ZPr'thi ehwical hat liiitrd ividenct of carcinofmicity to huura.•
c-Tht Inttmational Aitnc} for Research on CanctrdAAC) has assiincd this to Group 29-*tht chnical has sufficient evidence of carcinojenicitr in aniials but inadequate data in huuns.'
d-The International ftymti for Aesearch on Cancer(IAAC) has assigned this to Group 3-'the choical cannot be classified at to its carcinotenicity to haunt.'
e-taalyte found in laboratory blanks as nell as saiplejindicates probable contaiination.
f-Eitiiittd valueiconcentration less than specified detection lieit but treater than lero.



APPEM1I E TMLE 3
ECC SOUTH PflD DEEP SOIL ONTPXINHTKM MO EIPOSUK VIA INGEST10N

PotBCT
tn/k|-daj)-l

Circinoftm
Ori«ic«
Volitiltt
Otlorofora b
Ntthylm Qiloridt e
TttrachlorotthtBt c
Irichlofotthtnt e

Inonanict
Bcrillio a
Cadiiw a

TOTPL

NoncarcinoiiM

Oriuict
Volitiltt
I.Ut-TridilcroftkM
Tolum
Total Iilintf

Batt/NtulralhAcidt
Bit(2-tth»lhtirl>PhthaUtt
Di-n-tautyl Phthalatt

Inorunict

6.3IE-*

NuiM
Oburvtd
Cone.
H/k|

191

76
391

MM

Ill
11

2N

Canctr
Inidmtial

1.113
I of Mil/kHa; | of

4.6E-I9
!.££-«
3.6E-I9
I.SE-M

2.9E-M

liik
13 AvtraH

Cone.

Canctr
Rnidntial

1,113

4.6E-11
1.6E-II
16E-I1
1.9E-1I

2.9E-1I

16
K

586

24
33

9. IE-11
S.&E-1I
1 IE-11
4.K-fl9

6.3E-49

Ritk
Uorktr

I.NI13
of toil/k|-4ar

9.IE-12
itt-12
9.IE-12
4.C-11

6.3E-11

Rccwtablt
Dailr
Intaki(RDI)
•l/dar

Intakt in uf/day
at Nan. Cone.

at imtftion
of

11M l.N 1.11
l/dar l/it} i/day

II. M
l/dai

Intakt in it/day
at Avt. Cone.

at in»estion
of
l.M 1.11
i/dar

171
4

M
1.4
4.1

114
1.41

1.1
I.&

1.11
I.K

taw r
38

IN |

111
3

1.1
1.1
.1

11

1.11
Ml
.M

Ml

1
1
1

!

.1

.1

.1
1.1
II

.N

.N

.M
1.11
Ml

1.2 M2

a-Tht Inttmational ANKT for RnMrdi on Canctr(IIW) hat anivnd thii to Grov 8t-*tht dwiical hai liiittd tvidtfet of carcinoftnicltr to h«am.'
b-Tht Inttrnational (kjtncr for Rntarch on CanccrdflRC) has anintd thii to Grow 2B-*tht chnical has Mfficitnt tvidtm of carcinoftnicitr in tniNlt but inadtwatt data in haunt.'
c-Tht IntirnatioMl tamer for Rncarch on Canctr(IPJC) hat attitmd thii to Grow 3-'tht chaical cannot bt cltttifitd at to itt carcinottnicitr to hwank*
d-Analrtt found i* laborjtorj blankt at Ntll at uwlti indicattt prohibit nmtaiination.
t-EftiMttd valuticonctntration IMI than tptcifitd dtttction liiit but frtattr than itro.
f-ADI dtrivtd fro» chronic drinkim wtir crittria of 1.62 H/L «2L/dar* 1.2M/dajr.
1-flOl dtrivtd fro mtimm eontaiirymt liiit of I.H n/L > 1 L/day f.1 n/dar.



APPEMII E TABU 4
ECC NORTH TEST PITS SHRUJM DEPTH SOIL OMTmiNATUM Ml EXPOSURE VIA INEE5TIQN

Potency
Maiiew,
Obter»d
COM.

Canctr lift
Residential '_. —

1113 I. Mil
I of toil/ki-dtr i of soil/ki-iiay

Carci».._.
Orsanies
Volatilet

1,1.2-TrichloroetluM t
NethylMi Chloride i
letrachloroethBM d
Tridiloraetkent t

PestieideVPCViKft e
Inorsanics

Arsenic I
lerylllui k
Cadeite k
ChroeiM

H i
»3rain.

Noncarcinotm
Onanics
Volatlles
ChlorobtnicM
1,1,1-TrictilonitthiM

5.73E-K 5S8
6.3K-M 3INN
3.58E-«
1.98E-K
4.34£«N
1.S8E41 2M

39N
45N

1133N

4.IE-17
2.3E-*3.8E-44
1.2E-M
Z.ZE-U
ix-e

3.7E-U

4.IE-19
Z.SE-M
1K-K
1.2E-B
L&-K
1C-I7

3.7E-K

Cone.
m/k|

39
32786
SZK2

3M33S
Z933

735
M&

ZtSK

Canctr Risk
Dnidmtial yoriwr

1.113 I.M13
I of wil/ki-daj | of toil/kHv

Acctptablt
Dailr
Intalt(ADI)
•l/ow

Intakt in uj/dij
at Nu. Cone.

at inicttion
II, M l.N 1.11
l/dajr l/daj i/dajr

Intiki in us/dar
at Avc. Cone.

at inmtion

1I.M l.N 1.11
I/day i/day i/day

Z.9E-I6
Z.7E-I7

2. £-11
2.7E-W
2.4E-W

1.7E-**

£.«£-»*

I.7E-I6

&E-K

38
171

175

39
43

1133
1133

3.9
4.5

113.3
113.3

8.39
8.45

11.33
11.33

Tol
Total Irlmtt

lan/NMtralt,Aci*Munol
liofhorant

3U

ISNtM
II34U
141844

57NN

Di-irkutjl Phtfcalatt
Inorj-ic,
Cranidt
Nictol

37MM
KM

37UM |
29M

12UM f
36*. f

(29B57
4*714
317G&
31943

699
71686

357

IN*. 4 1.4 1.14
38N1 11NI 11N.I llfcN
95N 15M I5N.I 15»,N
IZNk&NN UN.I U*.N
7NI 57N

11NI 44N
42MI 37N

82

Z71 f

57».l S7.N
441.1 44.N
371.1 37.N

4.2 t.82
IN i 3762 376.2 37.62

76N 29 2.9 1.29
15N 1262 126.2 12.62
IN 38 3.1 1.38

7
9

286
286

1835
1488
26*8
6299
417
318
389

717

1.7
1.9

28.6
28.6

8.87
8.19

2.86
2.86

.8 .N
1815 11.35
148.8 14.88
268.8 26.M
629.9 62.99

48.7 4.87
31.8 3.18
38.9 3.89
1.7 8.87

71.7
8.4

7.17
8.84

8.3 8.83

a-Th* Intirnational ftstncy for RMearch on Canor(IARC) hat atiiimd thu to Group l-tht ch«ical ii causally associatid Kith cancer in hwans."
k-Tht Intirnational Aftnty for Research on Canctr(IMC) hat asiiimd this to Eroup 2A-*tht chdical has liiittd tvidencc of carcinogcnicity to
c-Tht Inttrnatiorul Aimcy for ItSMrch on Canctr(IMC) has assitncd this to bVoup 2B-*tht chaical has sufficient tvidenct of carcino^cnicity in aniMls but inadequate data in huuns. '
d-The international Asency for Aiseai'ch on Cancer(IARC) has assiined this to Broup 3-*the cheiical cannot be classified as to its carcino)enicity to huuns.*
e-Analyte found in laboratory blanks a* Mil as sawle, indicates probable contaii nation.
f-Estiuted value,concentration less than specified detection llitt but ireater than zero.
t-Ouplicate analysis is not eithin control liiits.



___ APPBOII E TflHI 5
EEC NORTH TEST PITS INTBKDIATE KPTH SOIL OMTflNINRTION AN) EIPOSUC VIA INGE5TIIM

Potency
lei/ki-dajl-l

Carcinoient
Ortanicf
Volatile*
liliZ-Trichlorotthtm d
Methrlent Chloride d
Tetrachloroethent i
Trichloraethene d

Pesticidn/PCB'i
PCS' i c

Inonanics
Arsenic a
krylliui k
Cadiiui i
Chroiiw

H i
*3

TOTAL

lloncarcinoien»
Onanics
Volatile*
1,1,1-Tridiloroftham
Elhrlbenient
Toluene
Total I>lent*

Observed
Cone.
4/kl

6.3K-M
3.5K-K
I.9K-I2 66M

17N
32N
2M f

27M i
1873-4

Cancer «isk
Aeiidential Harder

1. 113 I.M13
i of toil/ke-dair I of foil/ke-daj

Avtraee
Cone.
•l/kl

1.5K41

A.6E-M
3.6E-N
1.3E-I5
1.6E-B
9.6E-I5
6.2E-M

4.6E-1I
16E-1I
1.3EH7
1.6E-I7
9.6E-*7
6.X-I6

7*1
Hi,

249

563
1867

15171

7.5E-t* 7.5E-I6

Cancer
Residential

1.113
I of soil/k|-4*y

2.E-K
l.SE-tb
1.4E-K

l.SE-K

lisk
Uorker
I.M13

of toil/ki-day

.
6. IE-11
Z.C-M
l.X-tt
1.4EH7

1.X-C7

Acceptable
Daily
Intake(ADI)
m/daj

Intake in in/day
at Nat. Cone.

at insertion

II, N l.N 1.11
I/day i/daj i/day

Intake in ui/day
at Ave. Cone.

at injeition
II.N l.N 1.11
I/day i/day i/day

38
171
ITS

USM

a
Z7I

IZ73izn

2.1 i. a it3
87.1 Z.7I 38.67

I.K I.K
3.17 1,39

127.3 IE. 73
187.3 IZ.73

151
151

15.1
15.1

1.51
1.51

77N
2NN
19M

Phenol
Isopnoront
lisK-ethrlhnrDPhthalaU
DiiHxityl PhtKalate
liecthyl Rithlate

Inortanics
Antieonr
Lead
Cyanide
Silver

85MI
ITtMoutim
13M

UfM

1KU3
1M6M
26M24
(2967
W7U
31766
389*3

699

4tt7
61189 i

595
422 f

3B8H
95N
12M|
TIN

lltM
42IH
8MM

£91
IMh

76N
IN

77
2N
191

IM
25*
171
251
39
13

421
4152

44
31

7.T
2M
19.1

IN. I
25.1
17.1
25.1
3.9
1.3

42.1
415.2

4.4
XI

1.77
2.N
1.91

UN
2.51
1.71
2.51
1.39
1.13
4.21

41.52
1.44
1.31

1135
14U
26N
6299
4IT
311
389

T
1

47
6K

(
4

113.5
148.1
261. 1
629.9
41.7
31.1
38.9
1.7
M
4.7

61.2
1.6
1.4

11.35
14.88
26.N
62.99
4.17
3.11
3.89
1.17
1.11
I.4T
6.12
I.K
1.14

i-Tht Intirnitionil Aiency for Research on Cancer(IARC) has assitned thii to Group l-'the che»ic«l ii cnullr Mtocuttd nith cancer in huMns.'
b-Tht International Aiency for Research on CanrerllARC) hM assisted thu to Group 2A-'the cheeical has liiitid evidence of carcinoienicity to haunt.*
c-The International Agency for Research on CancerUARC) hM assigned this to Group 2B-*the cheiical hit sufficient evidence of carcinofenicity in anieals but inadequate data in
d-Thc International Aiency for Unearth on Cancer(IftRCI hat assi«ned this to Group 3-'the chaical cannot be clasiifitd as to iti carcinojtnicit; to huuns.'
l-€stiutfd viluticoinntrition IHI than specified detection lilit but trtater than zero.
(-Duplicate analysis is not uithin control ijiits.
1-ftDl derived froi chronic drinkim wter critreia of t.K M/L i 2L/dar* 1.2 n/dar.
h-ADI derived fro* unira contaiinant liiit of 1.15 »9/L i 2L/dar> l.lij/da;.



APPENDIX E TABLE &
ECC SEDIMENT CONTAMINATION AND EXPOSURE VIA INGESTION AT 003

Carcinogens
Organic*
Volatile*
Methylene Chloride

TOTAL

Noncarci nogens
Inorganic*
Mercury
Cyanide

Maximum
Observed

Potency Cone.
, <ng/kg-day)-l tig/kg

6.30E-04

1180
20000

Cancer Risk
Re*1dent i a1 Worker

0.013 0.00013
g of med /kg-day g of *ed /kg-day

4.9E-H
4.9E-11

A.9E-13

Acceptable
Daily
Intake(ADI)
ug/day

. 20
7600

Intake in ug/day
at Max. Cone,

at ingest ion
of

10.00 1.00 0.10
g/day g/day g/day

12
200

1.2
20.0

0. 12
2.00

f

i

•-The International Agency for Research on Cancer<IARC) ha* a**igned thi* to Group 3-"the chemical cannot be classified
a* to it* carcinogenicty to humans."
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APPENDIX E TABLE 7
ECC SEDIMENT CONTAMINATION AND EXPOSURE VIA INGESTION AT 004

Carcinogen*
Organic*
Volatile*
Methylene Chloride

TOTAL

Potency
, (mg/kg-day)-l

6. 30E-04

Maximum
Observed
Cone.
ug/kg

3 b

Cancer
Residential

0.013
of *ed /kg-day

a.0E-11
2.0E-11

g of

k
Worker
0.00013

•ed /kg-day

Acceptable
Daily
Intake (ODI)
ug/day

Intake in ug/day
at Max. Cone,

at ingest ion
of

10.00 1.00 0.10
g/day g/day g/day

2.0E-13
2.0E-13

Noncarc i nogen*
Inorganic*
Mercury
Lead
Cyanide

20
15500
196000

20
100 c
7600

0
155
I960

.0
15.5

196.0

.00
1,55

19.60

a-The International Agency for Research on Cancer(IARC) ha* a**igned thi* to Group 3-"th« chemical cannot be classified a* to
it* carcinogenicity to humans."
b-Estimated value,concentration less than specified detection limit but greater than zero.
c-ADI derived from maximum contaminant limit of 0.05 mg/L x 2L/day -8.1 mg/day.



APPENDIX E TABLE a
ECC SEDIMENT CONTAMINATION AND EXPOSURE VIA INGEST ION AT 005

(
r

(

(

Carcinogens
Organic*
Volatile*
Methylene Chloridi

TOTAL

Maximum
Observed

Potency Cone.
, (mg/kg-day)-l ug/kg

6.30E-04

Cancer Risk
Residential Worker

0.013 0.00013
g of serf /Ug-day g of »ed /kg-day

Acceptable Intake in ug/day
Daily at Max. Cone.
Intake (ADD at ingest ion
ug/day of

10.00 1.00 0.10
g/day g/day g/day

7.4E-11
•J. •\e-\\

7.4E-13
7. *ft'J3

Noncarclnogenm
Organic*
Ba*e/Neut ra1s
Bis <2-ethylhexyl)Phthlate

Inorganic*
Mercury
Lead
Cyanide

912

20
4200
32000

42000

20
100 b
7600

0
42
320

0.9

.0

4.2
32.0

0.0S

.00
0.42
3.20

C

c
i

a-The International Agency for Research on Cancer(IARC) has assigned this to Group 3-"the chemical cannot be classified as to
its carcinogenic!ty to humans."
b-ADI derived from maxmium contaminant limit of 0.03 mg/L x 2 L/day - 0.1 mg/day.

c
c

c

c



Table E-9
COMPOUNDS FOUND IN THE GROUNDWAIER A! ECC

Volatile Organics

Benzene ' (C)
1,1,1 Trichloroethane
1,1 Dichloroethane '
Chloroethane
Chloroform
1,1 Dichloroethene (C)
Trans 1,2 Dichloroethene
Trans 1,3 Dichloropropene
Ethylbenzene '
Methylene chloride (C)
Tetrachloroethene ' (C)
Toluene '
Trlchloroethene (C)
Vinyl chloride >e (C)
Acetone
2-Butanone '
Total Xylene

Base/Neutrals

Fluoranthene ' '
Isophorone ' '
Bis(2-ethyIhexy1Jphthalate"'C'
Diethyl ohthalate 'C>

Chyrsene^' '
A n__Pyrene
^e,b

b.e

Inorganics

Aluminum
Arsenic*' (C)
Barium .

DCalcium
Chromium
Cobalt6'„ bCopper

Leaob

Magnesium
Manganese
Mercury '
Nickel
Potassium .e.bSelenium
Silver6>b
Sodium
Thallium*'b)<3

ZinC a e bAntimony ' '

C • Carcinogen

Found only in upgradlent concentration
Found only in wells that can not be definitely associated with ECC.
Found at less than quantification limit.
Values may reflect field/lab contamination.
Found in only one well.

GLH24/139



o Well 1A and 2A represent background.

o Well 11A represents the shallow saturated zone.

o Well 8A, 9A, and 10A represent the shallow sand
and gravel aquifer under the site.

o Well 7A cannot be conclusively associated with the
ECC site. The evidence is insufficient to distin-
guish between the effect on the groundwater at
that point of ECC and the adjacent Northside Land-
fill.

o Well 3A similarly to 7A could be under the influ-
ence of either of the two sites. Additionally,
the concentration of chemicals found at that well,
given projected groundwater flow rates from the
ECC site are most likely due to a localized spill
situation. Observation at the site as well as
conversation with site owner seems to support
this.

Ingestion

A major route of exposure would be ingestion of contaminated
groundwater. Tables E-10 through E-ll present the health
risk associated with ingestion of contaminated groundwater.
The current risks associated with ingestion of the shallow
saturated zone as represented by well 11A are presented in
Table E-10. The risk from the use of the shallow sand and
gravel aquifer is presented in Table E-10. The lifetime
excess cancer risk from ingestion is due to 1,1 dichloro-
ethene, tetrachloroethene, and trichloroethene.

Table E-ll presents the risk if concentrations in the shal-
low saturated zone increase as contaminants are leached out
of the soil and into the water table. The maximum values
used are based on soil concentrations in the area of test
pit 6. The average values are derived from soil values
averaged across the entire site. These concentrations
should be achieved rather soon, perhaps 5 to 10 years.
While the rate of movement of the contaminants into the
groundwater would not be the same, for the purpose of this
risk assessment, they are treated as if they would discharge
into the groundwater at the same rate. Given the slow veloc-
ity at which the groundwater moves in this area the concen-
tration in the groundwater would remain essentially constant
over 70 years.
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Table E-10
ECC-INGESTION OF GROUNDWATER-EXCESS LIFETIME CANCER RISK AND
COMPARISON TO ACCEPTABLE DAILY INTAKE-CURRENT CONCENTRATIONS

Ingestion of Shallow Sand and Gravel Aquifer
Excess Lifetime
Cancer Risk

Cancer
Potency

Compound (kg-day/mg)

CARCINOGENS

1,1-Dichloroethene 0.147
Methylene chloride*' 0.00063
Tetrachloroethene 0.035
Trichloroethene 0.019

Total

Toxicants

Antimony
Chromium
Nickel
Methylene chloride
Trichloroethene

Ingestion of Shallow Saturated

Maximum
Concentration

ug/L

8
64
9C

21

4
13
46
64
21

Zone

Residential
based on
0.035

L/kg/day

4E-05
IE -06
IE-05
IE-05

7E-05

Excess

Occupational
based on
0.00082
L/kg/day

6E-06
2E-07
2E-06
2E-06

IE -05

Lifetime

Acceptable
Daily
Intake Intake
ug/day ug/day

290 i
175 2i

1,500 9
13,000 12
1,700 4

Cancer Risk

Cancer
Potency

Compound (kg-day/mg)

Carcinogens

Trichloroethene 0.019

Total

Toxicants

Trichloroethene

Maximum
Concentration

ug/L

28,000

28,000

Residential
based on
0.035

L/kg/day

2E-02

2E-02

Occupational
based on
0.00082
L/kg/day

3E-03

3E-03

Acceptable
Daily
Intake Intake
ug/day ug/day

1,700 56,0»

The International Agency for Research on Cancer (IARC) has assigned this to Group 3 -
"the chemical cannot be classified as to its carcinogenicity to humans."
Analyte found in labroatory blanks as well as sample indicates probable contamination.
Concentration less than quantification limit but greater than zero.
Compound has been demonstrated to be carcinogens but not by the ingestion route.
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Table E-ll
ECC - INGESTION OF GROUNDHATER-EXCESS LIFETIME CANCER RISK AND

COMPARISON TO ACCEPTANCE DAILY-PROJECTED CONDITIONS
SHALLOW SATURATED ZONE

Compound

Carcinogens

Chloroform
Methylene chloride8
1 , 1 ,2-trlchloroethane
Trichloroethene
Tetrachloroethene
PCB (Total)

Total

Toxicants

1,1, 1-trlchloroethane
Toluene
Ethylbenzene
Phenol
Trichloroethene
Methylene chloride

Cancer
Potency

(mq/kg-day)

0.070
0.00063
0.0573
0.019
0.035
4.34

Maximum
Concentration

ug/1

10,000
7,000,000

2,000
600,000
100,000

150

1,100,000
133,750
38,000

3,950,000
275,000

3,500,000

Average
Concentration

ug/1

400
200,000

50
200,000
8,000

50

40,250
28,250
5,500
76,250
100,000
101,250

Residential
Based on

0.035 L/kg-day
Maximum Minimum

2x10
2x10
4x10
4x10
1x10
2x10

.-2

-3i
-1i
-1
'-2

8x10
-1

1x10
4x10
1x10
1x10

-3I
I

"-1

8x10

1x10-1

*The International Agency for Research on Cancer (IARC) has assigned this to Group 3
"the chemical cannot be classified as to its carclnogenlclty to humans."

Occupational Acceptable
Based on Daily

0.00082 L/kg-day Intake
Maximum Minimum ug/day

4x10*
4xlO~
8xlO~5

lxlO~
2x10"
4x10"

_
2x10*

-5
2x10
8xlo"
2xlO~
4xlO~
2xlO~
2xlO~

5x10

38,000
30,000
9,500
7,000
1,700
13,000

Intake
ug/day
Maximum

2,200,000
267,500
76,000

7,900,000
550,000

7,000,000

80,500
56,500
11,000

152,500
200,000
202,500
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Dermal Absorption
The dermal absorption of contaminants from groundwater would
occur during bathing or showering. Table E-12 presents the
dermal absorption risks.

SURFACE WATER
Assessment of wading is restricted to the residential set-
ting and volatile organic compounds. Table E-13 presents
the excess lifetime cancer risk for wading in Finley Creek
based on concentration found from the sampling at SW004.
Table E-14 presents the projected excess lifetime cancer
risks. The risks are based on projected average release
from the groundwater, estimated dilution in the unnamed
ditch, and minimum dilutions in Finley and Eagle Creeks.

Ingestion Via Fish Consumption

A risk for consumption of fish caught from the waterways may
be estimated. To do so requires the following:

o Assume that fish bioconcentrate the contaminants
at rates consistent with the literature

o Fish do not avoid or are especially attracted to
areas of contamination

o Contaminated fish are not more easily caught

o Sole source of contaminants in fish is via biocon-
centration from water. There is no consumption of
contaminated sediment or food chain effects

o Bioconcentration rate is independent of fish spe-
cies caught

o All of the fish consumed over a 20-year lifetime
come from the same waterway

o Bioconcentration occurs in the edible portion of
the fish (i.e., the fillets)

These estimates and assumptions produce a conservative risk
value. The actual risk would be lower. The scenario pro-
posed here is useful, however, in gaining an estimate of the
range of risk that could exist. The results are presented
in Table E-15 and Table E-16.

It is not practical to quantify the risk associated with
this exposure route. Only the qualitative statement that
exposure could increase risk can be made.

GLT360/52
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Table E-12
EXCESS LIFETIME CANCER RISK - DERMAL ABSORPTION -

ECC GROUNDWATER

Excess Lifetime
Cancer Risk
Residential

Cancer based on
Potency Concentration 0.037

Compounds (kg-day/mg) ug/1 L/kg/day

Dermal Absorption of Shallow Sand and Gravel Aquifer - Current Maximum Concentrations

1,1-Dichloroethene* 0.147 8 4 x 10*5

Methylene chloride* 0.00063 64 1 x lo"6

Tetrachloroethene* 0.035 9 1 x Ifl"
Trichloroethene* 0.019 21 7 x lo"5

Total 7 x lo"5

Dermal Absorption of Shallow Saturated Zone - Current Maxima Concentrations

Trichloroethene* 0.019 28,000 2 x IP*2

Total 2 x 10"2

Dermal Absorption of Shallow Saturated Zone - Projected Maximum Concentrations

Methylene chloride* 0.00063 7,000,000 2 x lo"1
Tetrachloroethene* 0.035 100,000 1 x 10~
Trlchloroethene* 0.019 600,000 4 x lo"
Chloroform 0.070 10,000 2 x lo"
1,1,2-trichloroethane 0.0573 2,000 4 x lo"

Total 7 x lo"1

Dental Absorption of Shallow Saturated Zone - Projected Average Concentrations

Methylene chloride* 0.00063 200,000 4 x 10~*
Tetrachloroetbene* 0.035 8,000 1 x lo"
Trichloroethene* 0.019 200,000 1 x lo"
Chloroform 0.070 400 1 x 10*
1,1,2-trichloroethan* 0.0573 50 1 x lo"

Total 3 x lo"2

The International Agency for Research on Cancer (IARC) has
assigned this to Group 3 - "the chemical can not be
classified as to it carcinogenic!ty.
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Table E-13
EXCESS LIFETIME CANCER RISK WADING IN FINLEY CREEK

CURRENT CONCENTRATION

Cancer
Potency - Concentration Excess Lifetime

Compound (mgAg/day) " ug/L ____ Cancer Risk
-9

Methylene Chloride 0.00063 5 1 x 10
_Q

Te trachloroe thene 0.035 5 6 x 1 0

Trichloroethene 0.019 67 4 x 10

aBased on 0.00034 LAg/dy intake.

GLT533/12
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Table E-14
EXCESS LIFETIME CANCER RISK-WADING-PROJECTED CONDITIONS

TOTAL

Unnamed Ditcha Finley Creek

Compound

loroethene

'oform

.chloroethene

:-TCA

•lene Chloride

Cancer
Potency

(mg/kg/day)

0.019

0.070

0.035

0.0573

0.00063

Concentration
ug/1

400

0.6

10

0.08

300

Excess
Lifetime
Cancer
Risk

1 x lo"6

6 x lo"9

8 x 10"8

8 x lo'10

4 x 10"8

Concentration
ug/1
Maximum

100

0.2

6

0.03

100

Excess
Lifetime
Cancer
Risk
Maximum

6 x 10"7

7 x lo"

8 x 10"8

6 x lo"1'

2 x 10"8

1 x 10-6 7 x 10
-7

Based on 0.00016 L/kg/day intake.
Baaed on 0.00034 L/kg/day intake.
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Table E-15
EXCESS LIFETIME CANCER RISK FROM FISH INCESTIOM - PROJECTED CONCENTRATIONS

____Compound____

Trlchloroethene

Chlorofon

Tetrachloroethene

Hethylene chloride

1,1,2-trlchloroethane

Total

Unnamed Ditch

Kf'

10.6

3.7J

30.6

5

,.5,

Cancer
Potency

(•K/ki/tfay)'

0.019

0.070

0.035

0.00063

0.0573

Concentration
ut/1

300

0.6

10

300

0.08

Exceaa

Flnley Creek Eatle Creek
Exceai
LlfetlM

Lifetime
Cancer
Rlak

6 x 10

1 x 10

1 x 10

1 X 10

2 x 10

6 x 10

-*

-8

-t

-7

-9

-6

Concentration
U(/l

Max Htn

100 10

0.2 0.02

6 0.6

100 10

.03 .003

Exceaa
Cancer

Max

2 x lo"'

5 x lo"'

6 x io"7

2 x 10~8

6 x io"10

3 x lo"6

LlfetlM
Rl.kr

2

5

7

2

6

3

Hln

xio'7

~10x 10

XIO-

x 10'10

•10x 10

x 10

Maximal
Concentration

ut/1

2.5

0.005

O.li.

2.5

0.0007

Cancer
Riak
Maximal

4. x 10

1 x 10

1 x 10

7 x 10

1 X 10

5 X 10

-8

-10

•«

-10

-11

,-•
Froa ublent water quality criteria.
Baaed on ingeatlon rate of 0.088 g-flah/kg-body weight/day.

NOTE: BCF - Bioconcentratlon Factor



Table E-16
EXCESS LIFETIME CANCER RISK FROM FISH INGESTION -

FINLEY CREEK - CURRENT CONCENTRATIONS

Compound

Trichloroethene

Tetrachlorothene

Vinyl Chlorideb

Total

Bio-
concentration

Factor3

10.6

30.6

1.17

Cancer
Potency
(mgAg
/day)

0.019

0.035

0.0175

Concentration
ug/L

67

<5

10

Excess
Lifetime
Cancer

Q

Risk

Ixio"6

5xlO~7

2x!0"8

1x10 -6

From ambient water quality criteria.
Carcinogens effects from inhalation.
Based on ingestion rate of 0.088 g/kg/day.
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